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OBSERVATIONS ON THE WATER ECONOMY OF FUSARIUM-INFECTED BANANA PLANTS? 
O. T. Page 


SUMMARY 


An imbalance in the water economy of banana 
plants infected with Fusarium oxysporum f{. cub- 
ense was demonstrated. Weight loss due to trans- 
piration, and volume of aqueous tracheary exudate 
were less in diseased plants than in healthy plants. 
Reduced transpiration in laminae occurred in ad- 
vance of external symptom expression. Flow rate 


was dysfunctional vessels than 
through healthy Although it cannot be 
concluded that a water shortage resulting from 
tracheal obstruction is the only cause of an imbal- 
anced water economy, an important adjunctive role 
is ascribed to dysfunction in the Panama 
disease syndrome. 


slower through 
vessels. 


vessel 





The fungal incitant of Panama disease of bananas, 
(E.F.S.) Snyd. & 
Hans.. initially enters the xylem of the host by pene- 
(8, 10, 12, 14). The 
fungus spreads into the rhizome stele, which then 
the main few 
are invaded, stages of the 
(11). After colonizing the rhizome tracheary 
the invades the of the 
pseudostem (8, 14). The fungus is confined primarily 
to the of the but the 
laminae of a diseased plant usually do not wilt; loss 


Fusarium oxysporum f. cubense 


trating the adventitious roots 
becomes 


center of fungus activity; 


roots even in advanced 
disease 
elements 


elements, fungus 


water-transport tissue host, 
of turgor is commonly manifested by a buckling of 
the leaf petioles, after which the pendant laminae 
brittle. After initial 
the outer, older leaves, 


become brown and 


ot 


expression 


gradually 
in 
usually 


appearance symptoms, 


symptom acropetally. 
In some instances, petiole failure may be preceded by 


a marked yellowing of the laminae. 


progresses 


Several theories have been proposed to account for 
the wilting of plants infected with Fusarium spp. The 
that wilt general 
systemic toxemia has been supported by identification 


concept fusariose results from a 


g. fusaric 
subsequent demonstration of the  phytotoxic 
of the (3). Evidence has been 
presented that vessel plugging is a cause of wilt. The 
hypothesis that the of 


in vitro of specific toxins, e. acid, and by 


com- 


plicity toxin also 


a water shortage in leaves 


Fusarium-infected tomato plants arises from impedi- 
to 
Waggoner (2). They demonstrated that turgid leaves 
the 
Ludwig 


ments water flow was examined by Dimond and 


of infected tomato plants transpired at 1% 
ot 
could 


rate 
(6) 
in 
to 
wilting appeared to result from an_ inter- 
with In infected 
wilt from water 
from leaves rather than from diminished water supply 


leaves on healthy 
wilt of tomatoes to 
transpirational water loss or to impaired ability 
absorb: 


succulent stems. 


not attribute increase 


ference conduction. contrast, peas 


with Fusarium may excessive loss 


(5). Brandes (1) considered that fungus growth in 
the vessels of a Fusarium-infected banana plant was 
insufficient to plug vessels, but no study of the water 
economy of infected banana plants has been reported. 
In the of the 
economy of Gros Michel bananas infected with Fusa- 


present paper certain aspects water 
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rium oxysporum {. cubense are examined to determine 
if a vascular dysfunction resulting in imbalance in 
the water part of the Panama disease 
syndrome. 


Is 


economy 
Resutts.—General water economy of the shoot.— 
The general water economy of Fusarium-infected and 
healthy shoots was investigated in a field experiment. 
One-vear-old plants of the Gros Michel variety were 
chosen for study. These plants had a mean height of 
1.9 (range 4.5-5.4 m) from ground level to the 
extremity of the tallest lamina. Diseased plants were 
selected initially of external disease 
Diseased plants were chosen for experi- 


m 
for uniformity 
symptoms. 
mentation if vascular browning was confined to the 
outer 9-10 leaf sheaths. Healthy and diseased plants 
severed alternately, 0.3 the 
Cutting alternately minimized variations in 
humidity during each ex- 
An interval timer was started the 


were about m above 
ground. 
temperature and_ relative 
perimental period. 
instant a plant was felled. A severed plant was sus- 
pended as quickly as possible from a spring balance 
supported by a tripod, and weight data were recorded 
intervals 50 The experiments were 
10:30 a.m. on consecutive days; the 
32°C (range 29-34°C), and 


the mean relative humidity was 67% (range 65-75%) 


at for minutes, 
carried out at 7 
mean temperature was 
for the experimental periods, 

The regressions of per cent weight loss on time in 
Fig. Total 
weight losses during 50 minutes for healthy and dis- 
plants were, respectively, 510 g 141 g. 
Data collected on diseased plants showed a decrease 
in rate of weight with 


1 are representative of plants sampled. 


eased and 


loss an increase in disease 
severity. 

When plant there a 
considerable flow of liquid from the leaf sheaths and 
axis, which form the pseudostem of a plant. To de- 
termine if there was a difference between healthy and 
diseased in total volume and rate of 
exudate flow, a field experiment was carried out in 
the same plantation. Healthy and diseased plants with 
mean 18.9 16.5-21.5 cm) 
were alternately severed and supported upright over 
a large funnel. An interval timer was started at the 
instant of cutting into All of the 
from butt in beakers; 


beakers rotated 30 


a banana was severed was 


pseudostems 


a diameter of em (range 


pseudostem. 
was collected 
into position every 


a 
exudate each 


empty were 
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seconds during 5-minute experimental periods. Mov- 
ing averages of successive observations were calcu- 
lated to give a rate of exudate drainage in ml/second. 

The mean rate of exudate drainage was higher 
from healthy pseudostem butts than from diseased 
butts of comparable size (Fig. 2). The mean total 
yolume of exudate from sampled diseased pseudostems 
was 73 ml (range 53-97 ml), whereas the loss from 
healthy pseudostems was 132 ml (range 92-164 ml). 
Exudate drainage, usually completed within 25 min- 
utes of cutting, was only part of the weight loss 
recorded in severed plants. Additional weight loss 
during and after exudation was due to transpiration. 
Combined weight loss by transpiration and exudation 
was significantly greater from healthy plants than 
from diseased plants. 

Flow of exudate continued from stumps after cut- 
ting. and also from severed pseudostem butts tilted 
above the horizontal during drainage. These observa- 
tions indicate that the exudate flowed under pressure. 
Furthermore, only the tracheary elements should have 
sufficient capacity to permit this continuing aqueous 
flow. Other ruptured tissues should contribute no 
more than the aggregate of the protoplasmic and 
ergastic contents within their constituent cells. Tissue 
source of the exudate and its relative volume of 
aqueous flow were determined experimentally. 

Sections 1.5 m long were delimited on the pseudo- 
stems of one-year-old healthy and diseased plants of 
uniform size. Alternately. healthy and diseased 
pseudostems were severed at the upper mark: at the 
instant of cutting into the pseudostem at the lower 
mark. an interval timer was started. A pseudostem 
section was placed horizontally with each end above 
a funnel. and the exudate dripped into measuring 
evlinders. The volume of exudate collected from both 
ends was recorded at 18 minutes, by which time the 
flow from some diseased pseudostem sections was 
less than 1 ml/minute. The length, diameter of each 
end. and weight of a pseudostem section were re- 
corded after the initial drainage of exudate. A_ por- 
tion 15 em long was then cut from each end of the 
section. and any additional exudate was collected 
from the ruptured cells of the newly exposed surfaces 
of both the end pieces and of the remaining central 
section of the pseudostem. 

The mean initial amount of exudate from healthy 
sections was 65 ml greater than that from an equal 
volume of diseased sections: an excess of 2.35 
ul/em®. The mean additional amounts collected from 
newly exposed surfaces were less than 5% of the 
mean initial amounts of exudate. It is therefore ap- 
parent that the exudate. whether from healthy or 
diseased sections, was primarily from the tracheary 
system. By distillation in vacuo at 30°C, the exudate 
was found to be 94-96° aqueous. whether from 
healthy or diseased plants. 


It has been shown experimentally that the exudate 
flow is largely aqueous and from the tracheal ele- 
ments. and that a greater volume of exudate may be 
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expected from healthy pseudostems than from dis- 
eased pseudostems. To obtain direct evidence of 
xylem dysfunction, which may contribute to a reduced 
rate of flow, the plugging of vessels was investigated. 

Plugging of vessels in diseased vascular bundles.— 
Sections of leaf sheath from diseased and from healthy 
pseudostems were cut into longitudinal strips, each 
strip containing a single vascular bundle with a mini- 
mum of adhering parenchyma tissue. A_ section of 
bundle 1-2 cm long was placed on the stage of a 
stereoscopic microscope, and a glass rod of suitable 
gauge was inserted into the luminae of selected large 
metaxylem vessels: the inside diameters of such 
laminae were 0.20-0.25 mm. The rod readily passed 
through luminae of healthy vessels without collecting 
debris, but collected on the tip a brown amorphous 
substance from the luminae of some diseased vessels. 
\n eosin suspension passed through the luminae only 
after the plugging material was removed, which indi- 
cates that impediments within some diseased vessels 
may be sufficient to preclude water flow. 

Flow rates were measured through cores of the axis 
removed from the center of a pseudostem. Such cores 
had an abundance of vascular bundles, separate from 
one another, and continuous throughout the length of 
i core. Cores 15 mm thick and 50 mm long or less 
were cut from sections of diseased and healthy axis 
while the sections were submerged in water. A _ suit- 
able core was mounted on the sharpened end of a 
meal tube (Fig. 3, at A), 5.5 mm in inside diameter 
and with parallel inner walls, and the core was in- 
serted into a flask filled with water. The open end 
of the metal tube. extending out of a one-hole stopper 
in the top of the flask, was connected to a horizontally 
positioned tube graduated in 0.01-ml increments (Fig. 
3. at B). Two glass tubes 1 m long. one graduated in 
l-mm increments and the other functioning as a water 
reservoir, were interconnected to a side-arm of the 
vessel (Fig. 3. at C and D). An arrangement of 
cocks permitted adjustment to a zero reading and to 
a specific pressure level. The rate of water flow 
upward through cores was determined while main- 
taining a constant pressure difference. 

Fig. 4 shows the rates of flow of distilled water at 
25+1°C through cores from a diseased pseudostem. 
With a constant number of vascular bundles (8 heal- 
thy bundles. 0 diseased bundles) and a given hydro- 
static pressure, the increase in flow rate with decrease 
in core length was a function of reduced friction with 
decrease in vessel length. Conversely, the decreased 
rate of flow at a given pressure through diseased ves- 
sels was due to some mechanism operative in retard- 
ing flow through the malfunctioning vessels. The 
data presented established that flow rate was slower 
through diseased vessels than through healthy vessels. 

Water losses from leaf laminae of diseased and 
healthy plants.—Since external symptoms of Panama 
disease usually develop first in the outer, older leaves, 
and then only after vascular invasion of the pseudo- 
stem is well advanced (10), transpiration rate should 
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subside before the disease is expressed in the inner, Taste 1.-Transpiration rates compared in healthy laminae 

younger leave g. The hy pothe sis was investigated that = Day corresponding turgid laminae fram diseased 

transpiration is reduced in turgid laminae in advance tec 

of external symptoms Source of Mean area of laminae Mean rate of 
The perennial nature of the vegetatively propagated laminae (em=) transpiration 

banana plant does not permit selection of uniform ing / Can" / Ree? 

leaves with precise fore knowledge of age, a_ basis Healthy plants 18652.8 0.09* * 

used to select leaves in similar studies with relatively Diseased plants 19939.0 0.05 

small herbaceous plants grown from seed (2, 7). In ** Indicates transpiration rate significantly greater at 


a preliminary trial. the regression of rate of transpi 


ration on area of healtl selected at random 


laminae, 

without respect to age. was not significant at accepta- 
ble levels. It was apparent that undue error could 
result unless caution was exercised in choosing lami- 
nae of corresponding ive trom healthy and diseased 
plants. To reduce variation due to age, the expanded 
leaf contiguous to an emerging rolled leaf was selected 
in each instance from one-year-old Gros Michel plants 
of uniform. size Laminae were cut at 7-7:30 a.m.. 
alternately a turgid lamina from a diseased plant and 
a corresponding one from a healthy plant. Since any 
water deficit would tend to be minimized if the 
petioles of water-deficient leaves were placed in 
water, laminae were suspended vertically immediately, 
after cutting and weighed at intervals; temperature 
and relative humidity for ar experimental period were 
recorded. In banana lamina longer than 2 m. a high 
correlation of area with length has been shown (4): 
the derived formula. area 2.1832 (length of 
lamina )—6.14. was used to calculate area 

The data summarized in Table 1 are from a repre- 


sentative experiment carried out with zero cloud 


cover, a mean temperature of 29°C (range 28-31°C). 
and a mean relative humidity of 69 (range 65 
72%). Transpiration rates in samples of laminae 
were significantly higher healthy plants than in 
diseased plants. When laminae from healthy plants 
were grouped, they appeared identical. as did laminae 
from diseased plants iscular discoloration was not 
observed in the severed petioles of the selected lami- 
nae from diseased plant \ reduced rate of transpl- 
ration was demonstrated I laminae in advance of 


external expression of disease symptoms 


DIscussION Observations on the water economy 
of Fusarium-infected banana plants indicate that a 
decline in transpiration associated with a reduced 
volume of water in the vessel system is part of the 
Panama disease syndrome However. a blocking of 
vessels and reduced rate of water flow through such 
dysfunctional vessels may not be the only factors 
contributing to symptom expression. In = some. in- 


turgid 
laminae. In other instances petioles buckle although 


stances there is marked vellowing of erect 
the laminae appear gree turgid, and healthy. An 
imbalanced water economy is associated with both 
these syndromes. but it appears unlikely that marked 
chlorosis without leaf collapse. or failure 


without 


pre tiole 


previous wilting ol vellowing of laminae, 


result only from a water shortage 


In studies under way the presence of a toxin pro 


1% level than rate in laminae from diseased plants. 


duced in vivo by the fungus has been demonstrated, 
Physiologically distinct clones of F. oxysporum  f. 
cubense have been associated with leaf yellowing, or 
leaf collapse without yellowing. It is possible. there- 
fore, that specific toxins produced by distinct patho- 
genic clones are related to particular symptom ex- 
pressions, in addition to an imbalanced water economy 
common to the Panama disease syndrome generally, 

Transpiration in a banana plant exhibits a daily 
rhythm. Observations on both healthy and diseased 
plants were made at 7-10:30 a.m., when transpiration, 
which is controlled predominantly by selar radiation, 
was considerably less than the mid-day maximum. 
During this period exudate flowed freely from severed 
healthy and diseased pseudostem butts and stumps. 
The mean rate of transpiration in laminae from 
diseased plants during the experimental period was 
about half the rate from healthy laminae. Transpira- 
tion was reduced, then, during a period when the 
water content of the xylem vessels was relatively 
high, as indicated by the copious flow of exudate 
from severed diseased pseudostems. Such decline in 
transpiration may be the result of an altered permea- 
bility in leaf cells. An observed decrease in transpi- 
ration in turgid leaves on Fusarium-infected tomato 
plants has been ascribed to a mechanism similar to 
that operative in drouth hardening (2). It remains 
to be determined whether there is an initial period 
in which transpiration in diseased plants increased, as 
suggested for pea and tomato wilts (5, 9). 

It is unlikely that an imbalance in the water econ- 
omy of diseased banana plants results from extensive 
injury to the root system, since few roots are invaded, 
even in advanced stages of the disease (10, 11). 
However, once the fungus is established within the 
rhizome, host responses have been shown to include 
development of tyloses within the xvlem_ vessels, 
deposition of gum, and the collapse of vessels from 
enlargement and cambiform activity in conjunctive 
parenchyma cells surrounding the vessels (13). It is 
noteworthy that these impediments to water flow in 
rhizome vessels are the result of host stimulation, 
suggestive of host responses to some extracellular 
fungal metabolite(s). 
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AND LEAF FLECK 


AND DOTHICHIZA LEAF SPOT OF HIGHBUSH BLUEBERRY! 
Jack Taylor® and C. N. Clayton 


sUMMARY 


Gloeosporium minus and Dothichiza caroliniana 
appear similar in host tissue, but they are readily 
separated on the basis of presence or absence of 
fruiting bedy wall. origin of conidiophores, shape 


of conidia, and cultural characters. The diseases 
caused by these 2 fungi have distinct symptoms on 


blueberry. 





Leafspotting fungi cause considerable defoliation and 
damage to the southern highbush swamp blueberry 
(Vaccinium australe Small) in North Carolina. As 
pointed out by Demaree and Wilcox.* most blueberry 
leaf pathogens cause similar symptoms. Accurate 
diagnosis of the diseases in the field is consequently 
dificult. 


usually complicated by the presence of several differ- 


Furthermore, laboratory identifications are 


ent fungi in necrotic areas of leaf spots. Demaree 
and Wilcox described several leaf diseases of blue- 
berries and the causal organisms. However. they 
failed to obtain sporulation of some pathogens in pure 
culture. and in those cases did not report infection 
studies, 

Stem and leaf fleck. caused by Gloeosporium minus 
Shear. and double spot. caused by Dothichiza caro- 


liniana Demaree & M. S. Wilcox, have distinct symp- 
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toms on highbush blueberries. but certain characters 
of the fungi often make identification difficult. Fruit- 
ing bodies of both fungi are often present in leaf 
spots attributed to D. caroliniana. In leaf tissue an 
acervulus of G. minus at 10-30% magnification ap- 
pears similar to a pycnidium of D. caroliniana, In 
addition, conidia of these 2 fungi have size ranges that 
completely overlap. 

Since the stem and leaf fleck disease and the causal 
organism on highbush blueberries were discovered 
only recently. and since neither proof of pathoge- 
nicity of D. caroliniana nor sporulation of the fungus 
in pure culture had been reported, comparative stud- 
ies were made of the 2 diseases. 

STEM AND LEAF 
present in tissue platings of small reddish lesions’ on 
newly formed shoots of highbush blueberries. Shear‘ 
found the fungus in storage on cranberry fruit (V. 


FLECK.—G. minus is commonly 


macrocarpon Ait.) and on dead cranberry leaves. 


More recently, Taylor® proved its pathogenicity on 
blueberry and described the symptoms it produces. 
Symptoms.—On_ blueberries, the disease first ap- 


pears as small reddish flecks on young leaves and 


Taylor, J. 1957. The blueberry stem canker disease 
caused by Botryosphaeria corticis (Demaree and Wileox) 
Arx and Muller. Ph.D. Thesis, North Carolina State Col- 
lege. Raleigh. 

*Shear. C. L. 1907. New species of fungi. 
Botan. Club 34: 305-317. 
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stems of succulent shoots. As the leaves develop they 
become malformed and puckered (Fig. 1-AB). Stem 
lesions develop slowly and remain as small brownish 
pimples that reach diameters of 1-2 mm. Necrosis on 
stems and leaves is usually not definitely distinguish- 
able at any time during the first growing season afte 
infection. By the end of the second growing season 
the stem lesions become grayish, with dark centers. 
The disease causes a rough bark condition during the 
second growing season 

The fungus.—On blueberry leaves the acervuli of 
G. minus are at first subepidermal, shiny-black, con- 


vex-erumpent, later rupturing the epidermis and ex- 


Fic. 1. A) Uninoculated blueberry shoot. B) Blueberry 
shoot showing leaf malformation and leaf flecks 2 weeks 
after inoculation with G. minus. €) Two-week-old cultures 
of G. minus on PDA (left) and OMA D) Blue 


(right) 





truding a mass of hyaline or flesh-colored, oblong, 
elliptical conidia measuring 6-9*3-4 yp. The sporo. 
phores are simple, 1-2 times the length of conidia, 
and are borne on the surface of the area exposed by 
rupture of the epidermis, and also along the vertical 
sides of the acervulus (Fig. 1F). 

Studies on the ontogeny of the acervulus showed 
that fungus tissue first invades the epidermal and 
surrounding palisade or spongy cells of leaves. As 
the acervulus develops and spores are produced, the 
epidermal cells are pushed upward (Fig. IG), and 
rupture finally releases masses of conidia (Fig. 1F), 

Cultural studies—The fungus sporulated readily in 





berry leaves with leaf spot caused by D. caroliniana. 
E) Two-week-old cultures on D. caroliniana on OMA 
(above) and PDA (below). F) Mature acervulus of G. 
ninus in blueberry leaf. G) Immature acervulus of 6G. 
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culture on all media tested. It covered the surface of 
PDA (potato-dextrose agar) in 90-mm Petri plates in 


7 davs at 25 C. Spores were usually produced in 4-5 
davs at dark clumps of mycelia. On PDA the myce- 
lium was sparse and light gray, and on OMA (oat 
meal agar) had a fluffy appearance and was a lighter 
grav (Fig. 1C). 

Pathogenicity.—In_ greenhouse inoculation § studies, 
conidia from monoconidial PDA cultures were sprayed 
on plants of the Weymouth, Murphy. and Scammell 
varieties. After 48 hours in a moist chamber at 25°C 
small reddish flecks were evident on young leaves and 
succulent shoots. Leaf flecks did not develop further, 
but the leaves became malformed and puckered. Later 
symptoms were typical of those associated with G. 
minus in the field. Reisolations were typical of the, 
inocula. 

DousLe spor.—This disease and the causal organ 
ism have been described by Demaree and Wilcox.' 
The disease and fungus have been found only in 
North Carolina, where the disease frequently results 
in severe defoliation on most cultivated varieties of 
highbush blueberries. The fungus apparently does 
not attack any part of the blueberry plant except the 
foliage. If rains are frequent during May and June 
and later, severe defoliation usually results in August 
and September. 

Symptoms.—The leaf spot is at first 1-4 mm in 
diameter, variable in shape. light to dark brown (Fig. 
ID). usually developing a secondary necrotic area 
around the original spot after midsummer; this was 
the basis of the use by Demaree and Wilcox of 
“double spot” as a common name for the disease. 

The fungus.—Pvyenidia are usually epiphyllous, sub- 
epidermal at first, later erumpent. slightly embedded 
in host tissues, black conical to irregular. non-ostio 
late. and 80-130 » high by 48-95 » wide. The obtuse 


conidia are hyaline, continuous, 7.02.2 yy. and grow 


from the base of the pyenidium on short sporophores 


According to Demaree and Wil 


Cultural studies 


cox,' D. caroliniana grew slowly on agar media and 
became delimited before covering the slant in tube 
cultures, and no type of fructification appeared even 
though media and temperatures were varied. When 
autoclaved blueberry leaves were used as substratum, 
sclerotial bodies formed within the tissues, but no 
pycnidia developed. 

Colony growth of D. caroliniana in this study agreed 
with that reported by Demaree and Wilcox (Fig. 1E). 
However, when cultures were grown under 300-400 
ft-e of fluorescent light, rubbery, immature pycnidia 
resembling the sclerotia-like bodies described by 
Demaree and Wilcox were formed in 5-7 days. After 
9-10 days the immature pycnidia became broad above 
and pointed toward the base. A droplet of clear fluid 
formed on top of the pyenidium. The droplet later 
disappeared, leaving a cavity filled with conidia and 
conidiophores. A dark spiral of conidia was extruded 
as the pyenidia became older. The conidia were typi- 
cal of those produced in spots on blueberry leaves. 
In mass they were dark. with a greenish tint under 
the mi roscope. 

Pathogenicity.—A_ distilled-water suspension of co- 
nidia from OMA cultures grown under fluorescent 
light was sprayed onto 2-year-old Murphy and Scam- 
mell plants. Inoculated plants, with uninoculated 
controls, were kept in a moisture chamber 72 hours 
it 25-30°C and removed to greenhouse benches. 

Dark- to light-brown leaf spots were evident in 5-6 
weeks, appearing first on the youngest leaves. Lesions 
eventually enlarged to 1-3 mm in diameter, and were 
light brown with a purplish periphery. No secondary 
enlargement of the necrotic area was observed in 4 
months after inoculation. D. caroliniana was almost 
invariably reisolated from the leaf spots. No leaf 


spotting occurred on uninoculated plants. 
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SUMM 
A series of naphthalene-substituted aliphatic 


crowth-regulating 


compounds varied it properties 


GROWTH-REGULATING SUBSTANCES ON 


GROWTH 


E. Dimond 


AND PLANT 
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and 


ARY 


sistance. The compounds were assaved for their 


capacity to inhibit root elongation, promote root 
initiation, delay leaf abscission, and inhibit myce- 
lial growth of F. oxysporum f. lycopersici. Only 


the capacity to inhibit root elongation was directly 
related to induction of wilt resistance. A working 
hypothesis is suggested that wilt resistance and 
inhibition of root elongation are physiologically 
related through modifications of plant pectic sub- 
stances by growth regulators. 





and in capacity to induce resistance to tomato wilt 
caused by Fusariun rysporum I lycopersict. 
l-naphthaleneacetic acid induced the greatest re- 
sistance: 4-(]-naphthyl)-butyric acid and its ethyl 
ester gave high resistance ind 3-(1-naphthoyl) 
propioni acid and it ethyl ester gave moderate 
resistance Analogs with 4-carbon side-chains sub- 
stituted in the position induced only slight re- 

Plant-growth regulator if varying structure have 
been shown to induce re tance to Fusarium wilt of 
tomato, affect leaf formation (5). reduce the weight 
of plant organs (6 and injure roots (12) on the 
host plants. Similarly. a relation has been demon- 
strated between chemically induced resistance to 
Dutch elm disease and inhibition of sapwood growth 
(l). The present tudy of a series of structurally 
related growth-regulating substances was designed to 
determine the relation between their specific growth- 
regulating properties and their capacity to induce re- 
sistance to Fusarium wilt of tomato. A preliminary 
report has heen published ! 

EXPERIMENTAI Phe iphthalene-substituted — ali- 
phatic compounds (Table were selected because 
they gave varving degrees of wilt control and because 
their structural similarity gygested that their mode 
of action as plant-growth regulators might also be 
similar. Ethyl esters were included because they fre 
quently penetrate tissues more re idily than the corre- 
sponding acids Chemical purity was verified by 
melting-point determinations. which in all cases 
agreed with values obtained from the literature. 

Fusarium oxysporum f. lycopersici (Sac Snvd. & 
Hans.. strain R5-6. and Bonny Best variety of tomato 
(Lycopersicon escuient Mill were used through- 
out this study. The test plants were grown at 28°C 
in sand culture supplemented with nutrients (7). 
Uniform 5-6-week-old pla with 4-6 true leaves 
were used in all assays 

Induction of disease resist Pest solutions were 
applied to roots of tomato plants in 10 applications of 


50 ml per plant overt i ) week period before inocula- 


tion. Each treatment wa pplied to 10 plants. At 
inoculation the plants were uprooted and the roots 
washed and dipped in a_ bud-cell suspension of F. 

Accepted for publicat September 8, 1958 
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f. lycopersici. Treatments were evaluated 
ol 


symptoms about 2 weeks after inoculation. 


oxysporum 


by extent and severity foliar and vascular disease 


However. 


since foliar and vascular disease symptoms were di- 
rectly correlated, as originally described by Dimond 
et al (7), only vascular discoloration indices (Table 


1. footnote 2) were used. 


In a typical experiment the naphthalene-substituted 


aliphatic compounds were divided into 4 groups on 


the basis of their activity in inhibiting vascular dis- 
coloration (Table 1). The 2-carbon side-chain com- 


pound I-naphthylacetic acid  (a-naphthaleneacetic 


acid) induced the greatest resistance compared to the 
control: increasing the side-chain to 4 carbons. 4-(1- 
naphthyl)-butyric acid and its ethyl ester, slightly re- 
the activity: 


duced and adding a carbonyl on the 


omega carbon of the 4-carbon side-chain, 3-(1-naph- 
thoyl)-propionic acid and its ethyl ester, moderately 
reduced the activity. Analogs with 4carbon  side- 


chains substituted in the 2 position induced only slight 
resistance. In a series of experiments this grouping 


was significant when individual means were compared 


at the 5° level. The results (Table 1) are the means 
of treatment at 1x 10°M and 5«10°M, which were 
pooled because there was very little difference from 
treatment concentration in this range. However. at 


2 10 °M the activity of all compounds was signifi- 
cantly increased over that at 1 10°M, but the rela- 


tion between activities remained the same. 


Fungitoxicity.—To determine if these compounds 
were acting as systemic fungicides. their toxicity to 


mycelial growth of the causal fungus was assayed in 


vitro. The test compounds were added to Difco potato- 
dextrose agar at 45°C made up in M/100 phosphate 
buffer (pH 6.3) contained in 200% 25-mm test tubes 
as modified by Tompkins and Gardner (13). Each 
treatment was replicated 5 times. The medium was 


inoculated with 8-mm disks cut from Petri-plate cul- 
tures of the fungus. and the tubes were incubated at 


room temperature (about 22°C). Colony margins 


were marked after the fungus had become established, 
and the growth rate was determined subsequently over 


a 3-day per iod 
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Taste 1,—-} ascular discoloration and root elongation of tomato plants treated with naphthalene-substituted aliphati« 
compounds and subsequently inoculated with Fusarium oxysporum f. lycopersici 


Vascular 


Name of compounds and Naphthalene sidechain discoloration Root length 
letter designation* structure indices’ (mm.) 
0 
4. l-naphthylacetic acid 1--CH.CO H 0.05 14.0 
B. 4-(l-naphthyl)-butyric acid 0 H 0.20 22.1 
1—-CyHeCO 
a. ethyl-4-(1 naphthyl) -butyrate CH 0.21 2.3 
D. 3. ( l-naphthoyl) propionic acid 0 0 H 0.34 IS 7 
1—CC.H,CO 
FE. ethyl 3-(1-naphthoyl)-propionate C.H 0.35 97 
F. 4-(2-naphthyl)-butyric acid 0 H 0.65 68.2 
2—C;H.CO 
G. ethyl 4-(2-naphthyl) -butyrate CH 0.69 70.7 
H. 3-(2-naphthoyl)-propionic acid () 0 H 0.71 66.0 


2—CC:H,.CO 
I. ethyl 3-(2-naphthoyl) -propionate C.H 0.66 63.1 


Control 0.72 68.0 


‘The naphthalene-substituted aliphatic compounds were supplied by Abbott Laboratories, Chicago, Il. 

Vascular index is the ratio of number of internodes with discoloration of the 3 large vascular bundles to number of 
internodes per plant; the index ranges from 0 to 1. Each index is the mean of 20 plants. 

Each figure is the mean root length of '10 roots per plant from 10 plants. Readings were made at the time of inocu 
lation on newly initiated roots. 


In a typical experiment the ED. values ranged In a typical assay with treatment at 1 10°M, 
from 4.5 10°M for 4-(2-naphthyl)-butyric acid to activity ranged from 1 abscission for 1-naphthylacetic 
43K10°M for ethyl 3-(2-naphthoyl)-propionate. acid to 20 for 4-(1-naphthyl)-butyric acid and its iso- 
There was no correlation between in vitro fungitoxic- mer substituted in the 2 position. The control had 
ity and inhibition of vascular discoloration (Fig. 1). 24 abscissions out of a possible 30. The relation be- 
The possibility that these compounds were converted tween these compounds was consistent when tests 
to fungitoxic materials within the plant was consid- were made at 5x 10°M, 1 10°M, and 1x 10°M 
ered unlikely, because sections cut from the primary Inhibition of vascular discoloration was not corre- 


root of treated plants failed to give zones of inhibition lated with inhibition of leaf abscission (Fig. 2). For 


when incubated on a nutrient-agar surface seeded example, 4-(1-naphthoyl)-butyric acid (B), which 


with bud-cells of F. oxysporum f. lycopersici. was very effective in reducing vascular discoloration, 

It is unlikely that these compounds act on disease produced practically no inhibition of leaf abscission. 
by direct action against the causal fungus. Similar Stimulation of root initiation ——The naphthalene- 
results have been obtained with other growth sub- substituted aliphatic compounds produced varying de- 
stances (5, 6). grees of root proliferation on the primary root and 


Inhibition of leaf abscission——Growth regulators basal portions of tomato stems in the disease assay. 
are known to inhibit leaf abscission. The capacity of The capacity of these compounds to stimulate root 
naphthalene-substituted aliphatic compounds to in- initiation was measured on 2-cm stem sections cut 
hibit tomato leaf abscission was tested because inter- from the region between the cotyledons and the first 
ference with leaf yellowing and drop would reduce true leaf. The sections were infiltrated under reduced 
foliar symptoms of disease, and thus could be corre- pressure by test solutions, then suspended in_ stop- 
lated with wilt resistance. Tomato stem sections about pered test tubes containing several ml of water to 
2 cm long containing a node with 1 cm of attached ensure a humid atmosphere. and incubated at 20°C 


petiole were momentarily immersed in test solutions. in the dark. Root counts were made 10 days after 
Fifteen sections per treatment were incubated at 20°C treatment. 
on water agar in the dark. The number of abscissions In an experiment with 8 sections per treatment at 


was recorded on the 5th day following treatment. »><10°M, the activity ranged between 77 roots for 
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3.(] naphthoyl ) propionte acid > roots lor ethyl 3- 
(2-naphthoyl)-propionate, and no roots for the un- 
treated control sectior [he results were consistent 
with root initiation following treatment of plants in 
the disease assay ind in both tests the activity order 
of the compounds was similar at 5 concentrations over 
a 50-fold range 

Stimulation of rooting had a very low correlation 
with inhibition of scular discoloration Fig >). 
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Although the compounds substituted in the 2 position 
acted similarly in both assays, (B and C) and (D and 
E) were inversely related. 

Inhibition of root elongation.—Tomato plants made 
wilt-resistant with naphthalene-substituted aliphatic 
compounds had shorter roots than untreated plants, 
The capacity of these compounds to inhibit root elon. 
gation was evaluated on plants from the disease assay, 
Root measurements were made at time of inoculation 
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STIMULATION OF ROOT INITIATION 


Sd 


inhibition of vascular discoloration and inhibition of mycelial growth 


Fu 1-4 Fi l iCK I rreiat between 

of F. oxysporum { De treatment with naphthalene-substituted aliphatic compounds. The activity of the 
compounds was pla nt of 10 classes so that the greater the number the greater the influence on the response. 
The activity classes w | by dividing the total range of activity within a given assay into 10 equal units. 
The letters designate the « pounds listed in Table 1.—Fig. 2. Lack of correlation between inhibition of vascular 
discoloration and inhibition of leaf abscission expressed as in Fig. 1—Fig. 3. Low correlation between inhibition of 
vascular discoloration and stimulation of root initiation expressed as in Fig. 1.—Fig. 4. High positive correlation be- 
tween inhibition of vascular discoloration and inhibition of root elongation expressed as in Fig. 1 
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on 10 roots selected at random from each of 5 plants 
per treatment. 

In a typical experiment the capacity of these com- 
pounds to inhibit root elongation ranged from severe 
inhibition by 1l-naphthylacetic acid to slight-none by 
the compounds substituted in the 2 position (Table 
1). Further, these compounds formed, in inhibiting 
root elongation, the same 4 activity groups as in in- 
hibiting vascular discoloration. Thus, there was a 
high positive correlation between inhibition of wilt 
disease and inhibition of root elongaton (Fig. 4). 

In a series of experiments the activity grouping was 
significant when individual means were compared at 
the 5% level. The results shown (Table 1) are the 
means of treatment at 1X10°M and 5“ 10°M, which 
were combined as in the disease assay. 

Discussion.—The high positive correlation between 
inhibition of root elongation and induction of wilt 
resistance by naphthalene-substituted aliphatic com- 
pounds appears at first to be incompatible with the 
results of Davis and Dimond (6). who found no corre- 
lation between induction of wilt resistance and reduc- 
tion of fresh weight of tomato roots due to growth- 
regulator treatments. However, the fresh weight of 
roots measures both the number and size of roots. 
Growth-regulators increase the number of roots but 
reduce their size. and thus. in the results of Davis and 
Dimond the two effects tend to cancel each other. 

Keyworth and Dimond (12) 
injury could induce wilt resistance in tomato. In all 


reported that root 


cases their treatments not only reduced the amount 
of roots but caused cortical browning and occasionally 
complete necrosis of the root system. Root injury 
per se apparently was not a factor in the effect of our 
compounds, because at concentrations that caused no 
profound injury and alf}wed initiation of new roots. 
they specifically inhibited root elongation. 

There is a great deal of data in the literature on the 
action of auxin and auxin-like compounds on plant 
growth. Thus, because inhibition of vascular discol- 
oration is correlated with inhibition of root elongation, 
we may better understand the nature of wilt resistance 
by considering how the effect of growth regulators on 
root growth may be involved in the host-pathogen 
interaction. The following explanation of growth- 
regulator-induced wilt resistance is presented as a 
working hypothesis: 

Growth involves both cell division and cell elonga- 
tion. It is unlikely that our compounds inhibit cell 
division. Quite the contrary, they stimulate root initia- 
tion at concentrations that inhibit root elongation 
Therefore, inhibition of root elongation must be the 
result of inhibition of cell elongation. 

Cell elongation has been separated into two phases 
(3). The first involves a loosening of the primary cell 
wall and a plastic stretching. The second phase is an 
active cell wall formation by intussusception of new 
wall materials; 
the nutrient supply and closely associated with carbo- 
hydrate metabolism. The primary cell wall, which is 


this phase is strongly influenced by 
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the site of these growth processes, has been consid- 
ered by Kerr (11) as a continuous phase of pectic 
substances with a discontinuous cellulose microfibril 
phase. Fusarium oxysporum {. lycopersici produces 
pectic enzymes (14) and cellulase (10) that will 
degrade both of these materials, and these enzymes 
have been implicated in the tomato wilt syndrome. 
Therefore, it is possible that wilt resistance and inhi- 
bition of root elongation are physiologically related 
through modifications of the primary cell wall mate- 
rials that render these substances unsuitable for cell 
elongation and resistant to fungal enzymes. 

The association of auxin and growth regulators 
with the elastic, or first, phase of cell elongation has 
been suggested by Bennet-Clark (2) and others. Cell 
walls are elastic and expand easily when adjacent 
carboxyl groups of the pectic substances are in the 
form of methyl esters. They are inelastic and expand 
only weakly when they are rigidly cross-linked by 
divalent cations or anhydride bridges. Glasziou (8) 
has suggested that growth regulators at weak concen- 
trations bind pectin methylesterase to cell walls so 
that enzymatic demethylation is inhibited. This keeps 
the walls elastic, and elongation proceeds. At higher 
concentrations, however, the growth regulators can 
inhibit the binding of pectin methylesterase, the free 
enzyme demethylates the substances, rigid 
cross-linkages are formed, and cell elongation stops. 


pect ic 


Relatively high concentrations of growth regulators 
are needed to induce wilt resistance. It is these con- 
centrations that allow demethylation of the plant 
pectic substances and thus promote formation of rigid 
cross-linkages, principally as calcium salts. The salt 
bridges thus formed would render the pectic sub- 
stances resistant to attack by fungal polygalacturonase 
(9), a pectolytic enzyme similarly produced by F. 
oxysporum f. lycopersici. On the other hand, highly 
methylated pectic substances would be susceptible 
because fungal pectin methylesterase could demethyl- 
ate the pectin before polygalacturonase degraded the 
chains. 
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IRRIGATION AND MICROCLIMATE 
PHOMOIDES 


rOssan ~ 


SUMMARY 


severity of tomato anthracnose. In the laboratory, 
spores of Colletotrichum phomoides germinated at 
93° RH, but. if first exposed 12 RH’s 


below 80°,, did not germinate when placed in free 


hours to 


water. It is concluded that the higher RH’s and 
longer dew periods in the microclimates of irri- 


gated tomato plots prolong spore viability and per- 


mit germination of C. phomoides. 





THE INFLUENCE OF OVERHEAD 
ON COLLETOTRICHUM 

29 
Humidity and dew formation within the folio- 
spheres differed considerably between overhead 
irrigated and unirrigated tomato plots. RH (rela 
tive humidity between noon and 6 P.M. was as 
much as 20° higher in irrigated plots for 5 days 
following irrigation The diurnal dew period 
(duration of free moisture was commonly 3-5 
hours longer in irrigated plots during this time. 
Overhead irrigation ised the incidence and 
The recent increased se of overhead irrigation in 
much of the United States calls for a better under- 
standing of its influence on disease development \ 
few workers have studied the effect of irrigation on 
disease development These include MacMillan’s 
work with potato diseases (7. 8). and Menzies’ re- 
ports on the increased severity of diseases and the 
introduction of pathogens newly irrigated areas of 
central Washington (9, 10 Recently. Guthrie (5) 
reported an increase of early blight. caused by Alter 
naria solani (Ell. & G. Martin) Sor... in overhead 
irrigated potato fields southeastern Idaho. Appar 
ently no attempt has bee made to determine the 
mechanisms through which irrigation influences dis- 

ease developme nt 

The study reported het was motivated bv the 
work of Lloyd and Crossar 6 Part of the results 
of their investigation on the influence of overhead 
irrigation on the incidence and severity of tomato 
anthracnose are combined in Table 1 with corrobora- 
tive data obtained as an adjunct to the present study. 
Although microclimate lefined by Geiger (4) as 
the climate of the lower 2 m of air over the earth’s 
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Rese Professor, 


partment otf 
Graduate arch 


respec tively. 


the of this study it was con- 


sidered to encompass only the atmospheric conditions 


surface, for purpose 
existing within the plant foliosphere. 
MertTHODs MATERIALS.— This 


cluded both field and laboratory experiments. 


AND investigation in- 


Field study.—The plot design consisted of 6 30> 
10-ft. plots of tomato transplants of the variety Wilt- 
master on Sassafras silt loam. Three irrigated plots 


Fight irrigations 
August 16, 1957, 
portable “Rain 


alternated with 3 unirrigated plots. 
were applied between June 9 and 


March 


The Bouyoucos system 


using 3 Irrigation Company 


Makers.” (1) 
per cent of available soil moisture was the basis for 


for determining 
timing irrigation applications. Each irrigation added 
in. of water, depending on the penetration desired. 
RH 
humidity), dew period, and intensity were 
3 different Bendix-Friez Hy- 
grothermographs, housed in standard Weather Bureau 


1-2 

Microclimatic measurements of temperature. 
(relative 
made with instruments. 
instrument shelters, were located in an irrigated and 


an unirrigated tomato plot at ground level between 


plants for continuous comparisons of temperature 
and RH. 

\ Bendix-Friez Hand-Aspirating Psychrometer. 
Model HA-2. was used to make periodic measure- 


ments of temperature and RH within the plant folio- 
sphere. On consecutive days following an irrigation, 


a series of measurements were made of temperature 


and RH within the foliosphere of irrigated and unir- 
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rigated plots between the hours of noon and 6 P.M. 
[This is the period thought to be most critical for 
~pore survival. 

Two 12-hour recording dew meters, patterned after 
the Taylor Dew Meter (11). were used to compare 
the duration and intensity of dew formation within 
irrigated and unirrigated plots. The dew period was 
determined by the length of an indelible trace left by 
a vertically impinged copying pencil on a rotating 
ground-glass disk ( Fig. 1). Relative intensity of dew 
was indicated by the width of the pencil trace. 
Nightly measurements of dew period and intensity 
were maintained throughout the growing season. 

Laboratory study.—The research on spore viability 
and germination in this study, based on Clayton’s (3) 
technique, used 5 of the many supersaturated salt 
solutions suggested by Wink and Spears (12), main- 
tained in half-pint sealed Mason jars in a water bath 
at 23°C: 1) 93° NH,H,PO,; 2) 809% (NH,).SO,; 
5) 7502 NaCl: 4) 530 Mg(NO.).6H.O; and 5) 
39°, CrO.. 
maintained 100°; RH, which resulted in condensation 


\ sixth jar. containing distilled water. 


of free moisture on exposed glass slips. 
Because C, 
potato-dextrose agar, it was necessary to grow this 


phomoides sporulates very sparsely on 


pathogen on a sterile slice of tomato in a Petri plate. 
After 3 days, the developing mycelial mat with im- 
hedded conidia was removed, placed in sterile distilled 
water, and macerated gently with a small spatula. 
This suspension was then filtered through cheesecloth 
and the filtrate used as the source of conidia. One 
drop of this filtrate was pipetted onto clean cover 
slips. After the water had evaporated, the slips were 
fastened with paraffin to glass rods, which in turn 
were fastened to the lid of a Mason jar (3). The lids 
were then sealed on the jars containing the various 
salt solutions. 

lo determine the sensitivity of C. phomoides spores 


to desiccation. conidia were exposed for varying inter- 





Fic. 1.--Duration and intensity of dew 3 days after 
application of 2 in. of water, as recorded on ground-glass 
dew plates by a dewmeter. The dew period was determined 
by the length of an indelible trace left by a vertically 
impinged copying pencil on the rotating ground-glass disk. 
Relative intensity of dew was indicated by the width of the 
pencil trace. Left (unirrigated), 6 hours of free moisture 
Right (irrigated), 10 hours of free moisture 
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Taste 1.—Influence of irrigation on the incidence of 


tomato anthracnose 


Mean number of infected fruit 
Unirrigated LSD 


vu 


Year Irrigated 
1955 * 1] 14 25 
1956 384 298 + | 
1957 143 19 12 


1h 


irrigations 7/5-8/10; yield data from 8/7-8/15/55. 
irrigations 7/17-8/28; yield data from 8/10-9/20/56. 


irrigations 6/17-8/16; yield data from 8/2-9/16/57. 


vals to the various RH, transferred to 100% RH, and 
examined periodically for germination. 

Spore germination tests at different RH determined 
the moisture requirements and the time necessary 
for germination. 

Resu.tts.—Field study.—Measurements recorded by 
the 2 hygrothermographs in weather shelters on the 
ground in irrigated and in unirrigated plots did not 
differ materially. It was found that these measure- 
ments of temperature and RH approximated the mac- 
roclimate 6 ft. above the ground more closely than 
they did the microclimate within the plant folio- 
sphere. In comparing temperatures in the plant folio- 
sphere between noon and 6 P.M. on consecutive days 
following irrigation, as measured by a hand-aspirating 
psychrometer, differences between irrigated and unir- 
rigated plots did not exceed 4° F. However, measure- 
ments of moisture taken with the hand-aspirating 
psychrometer during these hours revealed consider- 
able differences in RH. These differences, commonly 
as great as 20° RH, existed up to 5 days following 
a given irrigation. Average daily RH was consistently 
10° higher in irrigated plots than in the unirrigated 
plots. Some difference was observed 9 days after 
irrigation, but only a few observations were made 
after this interval. Table 2 presents a representative 
series of RH differences in the plant foliosphere 4 
days after a 2-in. irrigation. 

The data show definite differences in RH between 
irrigated and unirrigated plots. with a variability of 


Taste 2.—Relative humidity readings in the plant folio 
sphere of irrigated and unirrigated tomato plots 4 
days after irrigation 


c 


Relative humidity (%) 


lime ‘(P.M.) Irrigated Unirrigated Difference 





9-90 72 56 16 
2:23 72 50 22 
: 68 56 12 
2:30 641 59 ) 
2:33 83 62 21 
2:36 79 55 24 
2:39 72 4 18 
2-42 22 58 24 
9:45 835 98 25 
2:48 7] 8 13 
2:51 7] 58 13 
2:54 0 64 6 
\verage 74 37 17 


26/57; partly cloudy, wind SE at 5 mph. 
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196% RH in the irrigated plots and 14% in the unir- portant factors involved in increased incidence of 
rigated plots. Thev also show that 3 of the readings tomato anthracnose. 


in the irrigated plots were above 80°, RH, whereas 
unirrigated plots was 64 


and September | 


the maximum in the 

Although, between 
moisture. in the form of dew or rain, occurred on all 
inirrigated plots and all but 3 


June tree 
but 6 nights in the 


nights in the irrigated plots, there were considerable 


differences in duration and intensity. The dew period 
in the irrigated plots was consistently longer than 
that in the unirrigated plots, averaging 2 hours for 
up to 6 days after irrigation. Dew period differences 
as great as 4-5 hours were not uncommon. The rela- 
tive intensity of dew formation was also consistently 
greater in the irrigated plots. Fig. 1 illustrates the 
differences in dew on the third night after application 


of 2 in. of water 


Laboratory Test made in the labora- 


study were 
tory to determine the viability and germination re 
quirements of C. phomoides spores. Germination of 
freshly harvested (¢ phomoides spores was 90°) or 
higher after 6 hours in sterile distilled water. This 
differs from the results of Chowdhury (2). who re- 
ported that spores of 2 Colletotrichum species, C. 
falcatum Went. and ¢ ndemuthianum (Sacec. & 
Magn.) Briosi & Cav.. required at least 96 hours in 
sterile distilled water for 90 germination. This 
indicates either a distinct physiologic difference be- 


phomoid: s ind the ( olle fotrte hu rn spec ies 


Chowdhury or. possibly 


tween C. 
examined by a discrepancy 


in technique. 


C. phomoides spores germinated 5-10 in the ab- 
sence of free moisture at 93 RH, but only after a 
48-hour exposure This corroborates the findings of 


Chowdhury. who pointed out that certain Colleto 
trichum species germinated at 95°% RH over an ex 
tended exposure: C. falcatu 9 germination at 40 
hours, increasing to 24 germination at 124 hours: 
C. lindemuthianu 1] germination at 48 hours. 
increasing to 12 germination at 96 hours 

Although spores of C. | des germinated in an 
atmosphere of 100 RH. exposure to lower RH for 
periods of 12 hours red | their subsequent ability 
to germinate. Spores exposed to 80 RH and then 
transferred to free moisure exhibited about 15 ger- 
mination after 120 hours. Twelve-hour exposures be- 
low 80° RH apparent! were fatal. indicating a 
greater sensitivity to desi than commonly be 
lieved. 

DISCUSSION In light of the sensitivity of C. phe 
moides to desiccation, the nger and more intense 
dew periods in irrigated plot re thought to be im 


The initial effect of overhead irrigation may be 
dissemination of inoculum. The second, and perhaps 
the more important, effect is increased RH and longer 
During average or drier-than-average 


dew periods. 


might well disseminate inoculum 
in unirrigated plots that is not 


low RH: 


disseminated in irrigated plots, whether by splashing 


periods, rain very 


viable because of 
exposure to on the other hand. inoculum 


rain or overhead irrigation, might be highly viable. 


Similar work is to determine how 


head 


development in various other corps. 


necessary over- 


microclimate and disease 


With such in- 


formation, a more intelligent scheduling of the appli- 


irrigation influences 


cation of overhead irrigation should be possible. This 
should reduce to a minimum the factors favorable for 
survival and spore germination within irrigated plants, 
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4 NEW APPROACH TO THE EMBRYO TEST FOR PREDICTING 
LOOSE SMUT OF WHEAT IN ADULT PLANTS’ 


W. Popp? 


stUMMARY 


Resistance or susceptibility of wheat varieties to 
loose smut is indicated by the reaction of specific 
tissues of the embryo. Embryos are characterized 
by 1 of 3 types of reaction to races of the fungus: 
resistance of the entire embryo; susceptibility of 
all but the plumular bud: and susceptibility of all 


tissues including the plumular bud. Only infection 
of plumular-bud tissue is correlated with infection 
in growing plants, giving a reasonably accurate 
prediction of percentage of smut infection in adult 
plants. Processing and diagnosis of a grain sam- 
ple require only a few hours. 





There has been no satisfactory embryo test for 
determining the reaction of wheat varieties to loose 
smut. Ustilago tritici (Pers.) Rostr. The “whole- 
embryo test” is not applicable as currently used, be- 
cause, with certain spring and winter wheat varieties 
(2. 3. 4) and certain races of smut, the embryos are 
susceptible although the growing plants are resistant. 
{ new method of embryo examination (6) made a 
different approac h possible: the presence ot loose- 
smut mycelium in specific tissues of mature-wheat 
embryos was correlated with the amount of smut that 
developed in adult plants grown from the same seed 
lot. This paper presents evidence to prove that the 
“plumular bud” is the critical embryo tissue for indi- 
cating the loose-smut reaction of the adult plant. The 
“plumular bud” includes the growing point and the 
surrounding convolute second and subsequent leaves. 


MATERIALS AND METHODs.—Varieties of common 
and durum spring wheat were artificially inoculated 
with different races of loose smut, applied singly and 
in mixtures. Seed of varieties of known adult-plant 
reaction was used in studving the location of loose- 
smut mycelium in embryos and its importance to 
subsequent smut development in the host. Naturally 
inoculated seed was also tested, from experimental 
field plots and farm fields where there was an abun- 
dance of inoculum. Embryo and adult-plant tests 
were made on the same seed sample. Twenty to 100 
embryos were examined and 50-100 seeds of each 
seed lot were sown. 

An improved method of preparing whole embryos 
was used (6). Whole embryos were mounted on a 
grooved slide, flooded with lactic acid, and examined 
under the micrescope. To secure good definition a 
cover glass should be placed on top of the mount. 
A 6- or 10> 
and a 10- or 12 


objective was employed for searching. 
objective for observing. The 
higher-power objective gave more resolution, a shal- 
lower depth of focus. and easy discrimination between 
invasion site and neighboring tissue. Embryos found 
infected were turned to show the face. or axis. view. 
Some of the examined embryos were sectioned (5) 
to check the accuracy of the diagnostic test. 
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Resuits.—Adult-plant reaction and location of in- 


fection in embryos.—Mvycelium was found in all tis- 
sues of the embryos of susceptible varieties. The 
scutellum and plumular bud were regularly infected; 
the coleoptile, epiblast, radicle, coleorhiza, and sus- 
pensor were less frequently infected. 

In adult-plant resistant varieties, only the scutellum 
of the embryo was consistently infected. Other struc- 
tures, including the coleoptile, epiblast, coleorhiza, 
and radicle, were less frequently infected, and the 
plumular bud showed no infection. Invasion of vari- 
ous embryo structures by mycelium varied within and 
among varieties, apparently depending on the inter- 
action of variety and race of smut. Thus, in some 
varieties mycelium permeated the scutellum and rarely 
invaded other tissues; in other varieties, all parts of 
the embryo except the plumular bud were frequently 
infected. 

In varieties of moderate adult-plant susceptibility 
or resistance, some infected embryos were seen with 
mycelium in plumular-bud tissue, and others without 
it. The proportion of embryos with plumular-bud in- 
fection varied with the degree of adult-plant suscepti- 
bility or resistance of the variety. The embryos of 
totally resistant or immune varieties were not infected. 

From these observations it became apparent that 
infection of the plumular bud was the only criterion 
useful for predicting the adult-plant reaction to smut. 
The effectiveness of the diagnostic test in discriminat- 
ing between embryos with and without infection of 
the plumular bud was confirmed in embryos sectioned 
after preliminary diagnosis (Fig. 1). 

Reliability of estimates.—To evaluate the diagnostic 
test as a method of predicting the adult-plant reac- 
tion, experiments were needed to compare results 
obtained by the existing embryo test (infection of 
scutellum). by the plumular-bud test. and by smutted- 
plant counts. Accordingly, tests were made on 38 seed 
lots of varieties susceptible in the embryo stage and 
on 7 resistant. Some were tested with a single race 
of smut, some with several races. and some with a 
mixture of races. In addition. 6 seed lots were tested 
from naturally inoculated varieties. The results of all 
experiments showed similar trends: the averages are 
presented in Table 1. 

As in previous investigations (2, 3, 4). the existing 
embryo test (scutellum) gave fairly accurate fore- 
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susceptible — criterion, however, estimates of smut in adult plants 
greatly the were reasonably accurate, whether in susceptible or 
varieties. With resistant varieties. 


} 


embrvo as the DISCUSSION. The work reported here was under. 
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taken to correlate adult-plant reaction with the loca- 
tion of loose-smut mycelium in embryos of wheat, and 
to determine the possibility of predicting adult-plant 
reaction accurately by a diagnostic test on whole 
embryos. 

The results demonstrate that mature embryos can 
be extensively permeated with mycelium. All in- 
fected embryos show mycelium in scutella, as was 
expected from other investigations (2, 3, 4). A strik- 
ing feature is that mycelium in plumular-bud tissue 
of embryos is uniformly present in adult-plant sus- 
ceptible varieties, and absent in resistant varieties. In 
other embryonic tissues, infection is sporadic, varying 
with the embryo and variety examined. 

Clearly, therefore, infection of plumular-bud tissue 
of embrvos is directly related to the development of 
smut in adult plants. This in itself is not an entirely 
new observation. Batts (1), in examining sectioned 
embryos of susceptible varieties approaching matur- 
itv found mycelium permeating tissues of the scutel- 
lum and growing point, but not the plumule and 
radicle. From this observation, and that made by 
Batts and Jeater (2) on growing-point (crown) tissue 
of seedlings. it was concluded that infection passes 
from the embryo into the crown of the young seed- 
ling. The experiments reported here, however, permit 
a more precise interpretation because the observations 
are based on mature embryos. Thus, with infection 
established in plumular-bud tissue of the embryo, 
as described here, it is obvious that the fungus will 
be also present in the young, growing plant (plum- 
ule). The deduction of Batts and Jeater (2) that 
growing-point tissue of adult-plant resistant varieties 
is not infected either before or after seed germination 
was confirmed here and in previous experiments (4). 

The reaction of wheat varieties to loose smut is 
determined in the embryonic tissues. In some varie- 
ties inoculated with certain races of smut the embryo 
apparently can entirely prevent the entry of the 
fungus mycelium (2. 3. 4): in other varieties the 
plumular bud is the only resistant tissue; in still 
others all tissues, including the plumular bud. are 


Fic. 1. Typical distribution of loose-smut mycelium in 
wheat embryos of adult-plant susceptible and resistant 
varieties as seen in whole and sectioned embryo tissue 
(130). A) Part of an embryo of an adult-plant suscep 
tible variety, showing mycelium in plumular bud (p), em 
bryonic axis (e), coleoptile (c), and scutellum (s). B) 
Section of embryo of susceptible variety shown in (A), 
showing mycelium in plumular bud (p), primary foliage 
leaf (1). coleoptile (c), scutellum (s), primary root (r), 
and embryonic axis (e). C) Part of an embryo of an 
adult-plant resistant variety with mycelium only in scutel 
lum ‘s), coleoptile node (n), and embryonic axis (e) 
Dark areas in plumule are shadows cast by infected scutel 
lar tissue (out of focus). D) Section of embryo of re 
sistant variety shown in (C) with mycelium only in 
scutellum (s), primary root (r), coleoptile node (n), and 
embryonic axis (e). 
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TaBL_e 1.—Summary of estimates of loose-smut infection in 
wheat varieties of different adult-plant reaction as 
determined by scutellum (embryo), plumular-bud 
(embryo), and adult-plant tests 


Percentage infection 
Embrvos 
Plumular Adult 


Varietal reaction Scutellum bud plants 
{rtificially inoculated 

Highly susceptible 85 85 86 

Moderately sus¢ eptible 68 18 49 

Moderately resistant 83 8 7 

Highly resistant 68 0 0 

Immune 0 0 0 
Naturally inoculated 

Highly susceptible 8 5 5 

Highly resistant ) 0.5 0.5 
susceptible. On germination of infected seeds, in- 


fected plumules develop into smutted plants and un- 
infected ones develop into healthy plants. Thus, the 
reaction of the adult plant is that of the plumular 
bud of the embryo. 

The diagnostic test can be used to classify all 
embryos as infected or uninfected (6), and to dis 
criminate between infected and uninfected plumular- 
bud tissue. Smut estimates made in this way are 
highly accurate for a method that does not require 
direct counts of adult plants. 

The entire test, including processing (6) and diag- 
nosis. requires less than a day. The test therefore 
provides not only a promising means of determining, 
without direct count of adult plants, the reaction of 
wheat varieties to loose smut, but also a reliable tool 
for routine evaluation of seed grain for the percentage 
of plants that would be infected in the following crop. 
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SOME FACTORS 


AFFECTING THE SUSCEPTIBILITY OF CUCUMBER 


COTYLEDONS TO INFECTION BY TOBACCO MOSAIC VIRUS! :? 
R. C. Lindner. Hugh C. Kirkpatric k. and T. E. Weeks 


SUMMARY 


Starch lesions in cucumber cotyledons inoculated 
with tobacco mosaic virus (TMV) provide a sensi- 
tive assay for TMV preparations. The maximum 
number of lesions was 
was included in the 
lesions was directly 


formed when carborundum 
inoculum. The number of 
proportional to the number 
of carborundum particles per epidermal cell in the 
inoculum film up to 1 particle per cell. and _ in- 
versely proportional at higher carborundum con- 
centrations. It was necessary to injure some cells 
excessively in order to obtain optimum numbers of 
lesions from the remaining cells. Cotyvledons re- 
covered from inoculation injury within 24 hours, 
and could be re-inoculated with equivalent num- 
bers of lesions being formed at 24-hour intervals. 
Susceptibility ot TM\ 
varied considerably. and variability could be _ re- 
duced about one third by 


individual cotyvle dons to 


using paired cotyledons. 


The relation of virus concentration to numbers 
of lesions produc ed fitted the equation \ 
(pVaXsfC) (1 pVaXL) where “Y” is the 


number of lesions per cotyledon, “p” is the num- 
ber of TMV particles per yp 
(parts per billion), “\ 
infection site in y» :” is the fraction of TMV 
that is infective. “X” is the concentration of TM\ 


in ppb. *s” is the fraction of cells susceptible, i 


of inoculum at 1 ppb 
is the mean volume of the 


is the fraction of epidermal cells injured properly. 
“C” is the mean number of epidermal cells pet 
cotyledon, and “L” is the mean number of epi- 
dermal cells per lesion. The 
calculated to have a mean area of 1.09 y?. The 
fact that this is only a fraction of the area of the 
epidermal cell (863 limits the efficiency of the 
local lesion assay method. Under experimental 
927.000 particles of TMV were required 
lesion per cotyledon, whereas 1200 


infection site was 


conditions, 
to produce | 
would be required under assumed ideal conditions. 


Ninety-four ppm of TMV. were 


necessary to pro- 


vide 1 particle for each infection site, assuming a 
single site per cell. 

Under standard experimental conditions the cell 
susceptibility factor becomes the only significant 
variable, and the number of lesions can be related 
to cell susceptibility. Light was the most important 
of the environmental factors which affected cell 
susceptibility. Susceptibility was a function of the 
total radiation the cotyledons received before inocu- 
lation. Eleven per cent of the cells was the maxi- 
mum found susceptible under high light, but shad- 
ing reduced cell susceptibility to 0.02°). Neither 
gibberellin nor kinetin were effective in increasing 
susceptibiilty of low light plants. A dark period 
before inoculation was maximum 
susceptibility. A 24-hour dark period after inocu- 
lation reduced the lesion count. There was a very 
marked diurnal variation in susceptibility of plants 
(maximum of 400°). Maximum = susceptibility 
usually occurred between 1:00 and 2:00 p.m., but 
varied with different lots of plants and with differ- 
ent times of the year. The inclusion of nucleotides 
in the inoculum often, but unpredictably, increased 
the lesion count during morning but not during 
afternoon inoculations. Nucleotides were more 
effective than nucleosides, which were more effec- 
tive than the bases. Maximum lesion formation 
occurred at 21-28°C. Chilling plants at 2°C im- 
mediately before inoculation reduced susceptibility 
as much as 95%. Plants grown at 32°C were 
much more resistant to infection than plants grown 
at 21°C. Surfactants were powerful inhibitors of 
infection. Twenty-four hours after inoculation. 
37° of the infection sites were still inhibited by 
surfactants. The rate of infection varied at dif 
ferent infection sites and was a function of tem- 
perature. At some sites infection occurred within 


necessary tor 


a few hours: at other sites there was a delay of 
up to 3 d iVvs before infec tion occurred. 





In studies on the effect of various chemicals on 


viruses, it became desirable to find a reasonably 


accurate biological assay for determining the relative 
infectivities of different preparations of TMV (tobacco 
mosaic virus). Yarwood (31) has shown that bean 
(Phaseolus vulgaris | Ss i 


lesion host to TMV than is A 
Both produce necrotic lesions 


more sensitive local 


cotiana glutinosa a 


The question arose as whether a host that pro- 


duces starch lesions would be more sensitive than 
hosts that produce necrotic lesions. Holmes (10) first 
Accepted for pul lication September 12, 1958 
Scientific Paper No. 1679, Washington Agricultural Ex 
periment Stations, Pullman. Project No. 865 
* These studies were supported in part by funds pro 


vided for biological and n il research by the State of 


Washington Initiative Measure No. 17] 


used starch lesions in virus assay. The principal dis- 
advantage of using starch lesions is that the leaves 
must be cleared and stained before the lesions are 
visible. McKinney and Fulton (17) first reported the 
local susceptibility of cucumber cotyledons to TMV. 
Cucumber cotyledons are of convenient size, occur in 
pairs, and are readily grown in large numbers. Under 
our conditions TM\ produced excellent starch lesions 
on cucumber cotyledons, but visible yellow lesions 
were produced only rarely. 

When only 1 cotyledon on a plant was inoculated. 
Active 
recovered only from the inoculated 


the opposite cotyledon never developed lesions. 
TMV could be 
cotyledon, and no TMV could be recovered from pri- 


mary or secondary leaves. Thus the response of 


cucumber to TMV is strictly local, with no systemic 
development. This paper reports experiments on some 
of the factors that affect TM\ 


starch lesions in 
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cucumber. The results represent tests on over 14.000 
cotvledons. 

MATERIALS AND METHODs.—TMV from infected 
tobacco plants was purified by iso-electric precipita- 
tion and repeated differential centrifugation. A stock 
culture. in concentrated form in distilled water at 
°C. was used in the work reported here, appropri- 
ately diluted as needed. Concentrations of TMV were 
calculated from ultraviolet absorption measurements 
(28). 

Chicago Pickling cucumber seeds (Cucumis sativus 
|.) were sown, 2 per 2%4-in. pot, germinated with 
bottom heat in a 21°C greenhouse, and thinned to | 
vood seedling. Seedlings were usually ready for 
inoculation 10 days after planting. Unless otherwise 
indicated, all tests were carried out at 21°C. 

Cucumber cotyledons, 6-7 days after inoculation, 
were harvested and stored 24 hours in the dark in a 
moist chamber to remove excess starch. Chlorophyll 
was removed by heating with 70°) ethanol in an 
80°C water bath. Starch lesions were developed by 
placing the cotyledons at least 15 minutes in an 
IKI lactic-acid mixture of about 1:20. The stock 
IKI mixture was 2% iodine and 6° KI. Lesions 
were counted under a low-power microscope (12.5x ). 
The type of starch lesions formed by TMV on cucum- 
ber cotyledons are shown in Fig. 9 and 10. 

EXPERIMENTAL.—The_ starch lesion.—The © starch 
lesions examined microscopically were confined prin- 
cipally to the palisade parenchyma. Sometimes the 
lesion extended into the spongy parenchyma, but 
the visually discrete starch-filled lesion was in the 
palisade tissue. The epidermis was colorless. Starch 
lesion diameters were about 100-600 y, averaging 
387 uw. Diameters of epidermal cells were 20-70 yp; 
diameters of palisade parenchyma cells were 20-40 uy. 
{rea of the average epidermal cell was 863 p*; the 
cross-sectional area of the average palisade cell was 
H5 u*. The average lesion area was equivalent to 207 
palisade cells and 137 epidermal cells. 

It was estimated that the average cotyledon had 
1.16 10° epidermal cells on the upper (adaxial) 
surface. This included about 1.20 10* epidermal 
hairs. The hairs had rather rigid tangential walls, so 
that 2 strokes of an inoculation pad broke most of 
the hairs at their bases. By actual count, at least 75% 
of the hairs were broken off. whether carborundum 
was present or not. Thus it is not likely that the 
epidermal hairs are directly involved as a site of 
infection. 

The upper surface of the cotyledon was the surface 
normally inoculated. If the under (abaxial) surface 
was inoculated, typical lesions still formed in the pali- 
sade tissue, but only about 10° as many as with 
upper-surface inoculation. Thus TMV can spread to 
the palisade tissue from either epidermis. It is not 
understood why there is relatively little lateral spread. 

INOCULATION METHODS.—1) Dusting carborundum 
on cotyledons.—One inoculation procedure consisted 


of dusting cotyledons with 600-mesh carborundum 
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powder and rubbing with cheesecloth (1 3-in. pad 
12 layers thick) moistened with inoculum. Cotyledons 
dusted with carborundum developed 80°. more lesions 
than those not dusted. Rubbing with a pad consis- 
tently produced more lesions than other methods 
tried: a brush produced 25% fewer; a ground glass 
spatula 90° fewer; pin pricking, fine emery paper, 
or Cellophane tape dusted with carborundum pro- 
duced few to no lesions. 

Completely covering the cotyledon surface usually 
required 2 strokes of the inoculation pad, so 2 strokes 
were used in all inoculations. The optimum volume of 
inoculum on the pad was found to be 0.5-3.0 ml; 
1 ml was selected as convenient. Only 10 cotyledons 
were inoculated per pad since lesion count gradually 
decreased in succeeding cotyledons beyond 10 inocu- 
lated with a single pad dosed with 1 ml of inoculum. 

The best suspending medium for the inoculum was 
distilled water. Inoculum suspended in phosphate 
buffer at pH 7 up to 0.10M gave similar lesion counts. 
Inoculum suspended in a number of other buffer mix- 
tures gave lower lesion counts. Addition of 0.1M 
K.HPO, to the inoculum reduced the lesion count 
about 40°. This is in contrast to the effect of dibasic 
phosphate on other host-TMV systems. Thornberry 
(29) first reported the stimulating effect of dibasic 
phosphate to TMV lesions in bean. Stanley (24) and 
Yarwood (31) have also reported a stimulating effect 
to TMV lesions in bean, but only a slight effect to 
TMV lesions in V. glutinosa. The effect of dibasic 
phosphate thus appears to be a host response. 

The growing point was removed from some seed- 
lings before inoculation. Lesion counts were not sig- 
nificantly affected. Lesion counts were reduced about 
75% when cotyledons were excised from seedlings 
immediately after inoculation and floated on water. 

2) Mixing carborundum in the inoculum.—Carbo- 
rundum is more uniformly distributed if included in 
the inoculum. Beraha, Varsandeh, and Thornberry 
(5) reported an optimum infectivity of TMV in bean 
when 600-mesh carborundum (7° by weight) was 
mixed with the inoculum. They also correlated infec- 
tivity with the number of particles of carborundum in 
the inoculum regardless of particle size. We have 
found different lots of commercial 600-mesh carbo- 
rundum to vary considerably in particle size. For 
careful work it may be desirable to determine the 
particle size of the particular lot of carborundum one 
is using. Direct microscopic measurement showed the 
particle size of the carborundum used in our work to 
be 1-30 », with a mean of 7.8 ». Carborundum of 
this size gave optimum infectivity of TMV in cucum- 
ber when mixed with the inoculum at 5°% by weight 
(Fig. 2). Lesion count was about twice as great as 
when carborundum was dusted on cotyledons before 
inoculation. 

Fig. 2 shows that lesion count is not directly pro- 
portional to the percentage of carborundum in the 
inoculum, but is proportional to the calculated num- 
ber of carborundum particles per epidermal cell up 














aan ~~ 


a ge ES 





[Vol. 49 







































































80 PHYTOPATHOLOCY 
1s 4 CARBORUNOUM DUSTED S6ok 
ra) 42.0 
Ww n 
104 = a 
a ar 
“ S 
= oe § CARBORUNDUM PARTICLES 7 a 45 ° 
res _ ae" qua 
2 a =a ad 
3 aul itt x Jae oo s ~ 
w w salt or > w 
& | CARBORUNOUM IN INOCULUM z 50r , 1.0998 
15- S z = 
nv ° x w 
«ww 
x 5 J 30.5 < a 
~4 STARCH LESIONS 
< 
a 
ry 
20 40 60 80 100 5 17} 5 20 
! ee a a oar ee ? PERCENTAGE CARBORUNDUM IN INOCULUM 
100]------------ sa, z 
aa < “0 
a“ 80OF 
x °o 
5 4 ° 
/ Se 
f 7 o 
_, 80 - . sop 
2 2 3 
@ z 
i- S 
z r w °C 
8 Se 
z Pa 40F 
us 6OF x © 
w WwW 
> i 
—- « 
- ' SC CO 20k << ia 
= _s ~ Ps a ia 
w | COTYLEDONS PAIRED 
> 40 i, 
: “ie i A iL i iL 
°o 
“ q 10 20 30 40 50 60 
x 4 REPLICATES 
4 20F o 
a 
- 
” ~~ 
_— - . z ° 
3 w 8O0F 
H R AF TER . A N J 
r ° 
UO , 
oO 
a ° 
Ww 60F 
LOG, Y «1.301 4 14236%x 00001197 x? » 
i z 
z ; 
3} R= 8715°** na ° 
oO WwW 
J 40F J 
Q, 
z I - © 
2 OO ° 
w 7 j ° 
a = 
- o— 3 
” a ° 
3 20F s \/ 
© . 
oO 
4 4 
a] 


on 











20 4 € 
RELATIVE TOTAL 


8 2c 


T BEFORE INOCULATION 6 











8 10 \2 2 4 6 
TIME OF DAY 











Vol. 


CARBOCRUNDUM PARTICLES 








49 


PER EPIDERMAL CELL 











February. 1959 LINDNER ET AL: 





CELLS NOT INJURED ENOUGH 


CELLS INJURED TOO MUCH 





CELLS INJURED PROPERLY 

















w” 

w | 
=x 

2 2 
er 

” 3 
5S 4 
= «€ 
@ 

= 8 
on 
7 10 


Relative proportions of epidermal cells in 


Fic. 7-8. 7. 


CUCUMBER-COTYLEDON SUSCEPTIBILITY TO TMV 81 





LOG LESION COUNT 
- nm 
on ey) 
i | 


oO 
un 
qT 


1 1 at 
2.0 3.0 40 
g LOG TMV CONCENTRATION (PPB) 











3 injury categories as a function of the number of strokes 


of the inoculation pad.—8. Effect of TMV concentration on the number of starch lesions produced in cucumber cotyle- 


dens. The solid line is the calculated curve while the cire 


to 1 particle per cell. Above this amount, lesion count 
is inversely proportional to the calculated number of 
carborundum particles per cell. An average of 1 
carborundum particle per cell appears to give opti- 
mum injury for infection. The number of carborun 
dum particles per cell was calculated on the assump- 
tion that a uniform film of inoculum was applied 
with effective depth of a single carborundum particle. 
Thus the number of carborundum particles per cell 
would be proportional to the spacing of the carbo- 
rundum particles in the inoculum film, which is a 
function of the cube root of the concentration. The 
validity of this assumption was checked by estimating 
the amount of inoculum applied to each cotyledon. 
{ moistened inoculation pad was weighed before and 
after rubbing 10 cotyledons. The loss in weight was 
corrected by the weight that a dry pad gained from 
rubbing 10 uninoculated cotyledons. The mean 
amount of inoculum applied amounted to 9.4+0.7 mg 
per cotvledon. This is equivalent te an inoculum film 
only 9.4+0.7 « in depth. Since the diameter of the 


2 


average carborundum particle was 7.8 y, the inocu- 


lum film had an effective depth of a single particle. 
The average spacing of the carborundum particles in 
the inoculum film was caleulated by assuming a 


density of 3.17 for carborundum with a_ particle 


diameter of 7.8 ». The mean area of individual epi- 


, 


Fic. 1-6. 1. Frequency distribution of TMV starch lesi 
TMV. Arrows indicate the means._-2. Effect of the pere 
starch lesions in cucumber cotyledons in relation to the ca 

3. Effect on lesion counts of painting 0.2 

4. The number of replicates of paired and unpaired cot 
gression of the total light 5 days before inoculation on the 
lesion count of 40 or more cotyledons.—6. Numbers of st 
dons inoculated at different times of the day. The curve r 
vidual points indicate the maximum number of lesions for 
formation occurred at 1:00 P.M.) 


Vr rosol (). 7. 


les represent values found experimentally. 


dermal cells, calculated from direct micros Opic meas- 
urement, was 863 p°. 
The number of strokes of the inoculation pad to 


<a 


give optimum infection with 5°, carborundum in the 
inoculum was 2. Above this number, lesions decreased 
as strokes increased: 4 strokes reduced lesion count 
30%: 6 strokes, 60°: 8 strokes. 80°). 


cell injury was apparently a factor. Lesion count was 


Increased 


reduced 50°, if cotyledons before inoculation were 
given 2 strokes with an inoculation pad moistened 


with 5°, carborundum in distilled water. If this was 
done immediately after inoculation, lesion count was 
reduced 80°, 
an important factor. Although the imprecision of the 


indicating further that cell injury is 


method does not permit an accurate estimate of the 
number of cells injured, the proportions of cells in 
various injury categories may be approximated from 
the above data. Fig 7 demonstrates the importance of 


excessive injury with increasing inoculation strokes. 


As indicated above, 2 simultaneous inoculations of 


2 strokes each produced fewer lesions than a single 


inoculation. Results were similar if the 2 inoculations 


were 1-3 hours apart. A 24-hour interval, however, 
removed the effect of the double inoculation. indicat- 
ing complete recovery from excess injury. 


The inoculation pad contacts the cotyledon surface 


over an area of about 2525 mm. An attempt was 


ons on cucumber cotyledons when inoculated with 100 ppb 
entage by weight of carborundum in the inoculum on TMV 
lculated number of carborundum particles per epidermal cell 
on cucumber cotyledons at different times after inoculation. 
vledons required for significance at the 5% level._5S. Re 
log. of the lesion count. Each point represents the mean 
arch lesions produced by 100 ppb TMV on cucumber cotyle- 
epresents the mean of 10 different experiments. The indi- 
each experiment (Thus in 5 experiments maximum lesion 


>. 
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made to decrease injury decreasing contact area 


In one set of experiments the inoculation pad was 


wrapped around a narrow piece of wood, decreasing 
the contact area to 625 mm. Lesion count decreased 
30%. In another series of tests the inoculation pad 
was wrapped around a glass rod and rolled across the 
cotyledon surface Few to lesions resulted 

With the inoculation methods used. obtaining the 
maximum numbers of lesions apparently requires that 
some cells be so severe! jured that they are no 
longer susceptible. 

Yarwood (34) reported that pressure treatments of 
bean leaves greatly increased their susceptibility to 
TMV. However. pressure-treating cucumber cotyle 
dons immediately after inoculation completely in 
hibited lesion development. which was consistent with 
the results from injury produced by rubbing during 
inoculation 

If there is a delay betw wounding and inocula 
tion. Jedlinski (11) showed. the number of lesions 
produced by a virus is a function of the particular 


host-virus system being studied. In cucumber cotyle 
dons, 2 minutes betwee nding and inoculation 
decreased lesion mbet ) This result. similar 
to that with the V.-2 TMV system. may be 
interpreted to mean that bulk of the inoculation 
sites in cucumber are onl mentarily susceptible 

The inoculation procedure iving the most lesions 
consisted of dipping the lation pad in a thor 
oughly agitated inoculum containing 5 (by weight) 
of 600-mesh carborundut ind giving 10 cotyledons 
2 strokes each with the pad. The inoculation pad was 
remoistened with thoroughly agitated inoculum after 
every 10 cotyledor 

Variation of cotyledon susceptibility to TMI It 
was desirable to compare the variance in local lesion 
counts among cotyledons on the same plant with the 


variance between pl ints I} otvledons of 55 dusted 


seedlings were inoculated with the same concentra 
tion of TMV. and local-l counts were recorded 
for paired cotvledons FF i second experiment the 
cotvledons of 110 dusted plants were inoculated with 
the same concentration rT TMA but local-lesion 
counts were not paired Fr i third experiment = un- 
dusted cotvledons of 40 plants were inoculated with 
inoculum containing 5 irborundum. and _ local- 
lesion counts were made paired cotyledons. The 
coefficient of variation in lesion counts between plants 
in the 3 experiments was. respectively, 60.1 98.9 
and 53.4° indicating a comparable degree of varia 
bility in the 3 tests The oefhicient of variation be 
tween the paired cotyledons was 38.2 in the first 
experiment and 36.4 in the third. Thus, there is 
some advantage in using paired cotyledons where 
possible. 


The number of replicates required for significance 


at the 5° level for paired and unpaired cotyledons 
is shown in Fig. 4. Frequency distribution of lesion 
counts 1s shown in Fig. | Note that some cotvledons 
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seem much more susceptible than others. ) 


Alt hough 


it is not possible to separate variation inherent jp 


inoculation procedure from variation due to differ. 


ences in cotyledon susceptibility, the bulk of the 
variability was apparently due to differences in sus. 
ceptibility. Carborundum applied in the inoculum 


produced twice as many lesions as did dusting the 


carborundum, but coefficient of variation was about 
the same for the two methods. 
Effect of TMV concentration.—The relation of con- 


TMV in the inoculum to number of 
lesions per cotyledon was determined by inoculating 
paired cotyledons (40 per treatment) with TMV con. 
centrations from 30 to 30,000 ppb. The 
results are compared in Fig. 8 with a calculated curve, 
The sensitivity of cucumber to TM\ 
The 


precision in detecting differences in virus concentra- 


centration of 


ranging 


des« I ibed below. 


(5 ppb) is about the same as that of bean (32). 


tion is about the same as with other local lesion hosts 
») 


(23). 

Hildebrand (8) and Benda (4) reported that, when 
a cell is punctured. a drop of cell content extrudes 
then This hold for 


epidermal cells. cotvledon is 


and retracts. would appear to 


the 
infection 


cud umber bee ause 


only momentarily susceptible to after in- 
The droplet of extruded cytoplasm could then 
the When the infection 


site extends into the inoculation film it displaces an 


jury. 
be considered infection site. 
equal volume of inoculum, and its ability to capture 
a TMY particle should be proportional to the number 
of TM\ 
viding there is a random distribution of TMV particles 
of TMV 


therefore, should be proportional to the number of 


particles per unit volume of inoculum. pro- 


in the inoculum. The mean number lesions, 


PMV particles per unit volume of inoculum. Thus 
Y (pVaX) (sfC) 
where “Y" is the mean number of lesions per cotyle 


TM\ 


volume of inoculum at 1 ppb. “V” 


don, “p” is the number of particles per unit 
is the mean volume 
of the extruded drop of cytoplasm, “a” is the fraction 
of TMV that is infective, “X” 
TMV in ppb. “s” 


that are sus« eptible, a i 


is the concentration of 
is the fraction of epidermal cells 
is the fraction of epidermal 
cells that are injured properly, and “C” is the mean 
number of epidermal cells per cotyledon. 


Whether 


not, if 2 or 


an exclusion phenomenon is operating or 
the that 
would be occupied by 1 lesion. they would be counted 


more lesions form within area 


as a single lesion. Therefore. each countable lesion 
reduces the potential number of countable infected 
cells by the mean number of cells per lesion. If “L” 
is the mean number of epidermal cells per lesion, 
then the maximum number of lesions per cotyledon 
is sfC/L. and the becomes Y 

(pVaX) (sfe YL). This reduces to the form Y 

(pVaXsfC) (1 pVaXL) 


equation increasingly 


lesion equation 


The second term of the 
TMV 


concentration increases, making the lesion curve ap- 


becomes important as 


proach a maximum of sfC/L. 


Assuming a particle weight of 8.210" g for 
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TMV (30). then “py” at 1 ppb TM\ would be 1.22> 
10° particles per p® of inoculum. Since a single 
purified preparation of TMV was used in these stud- 


ies, “a” was a constant, and was assumed to be 1.00. 
If “a” was less than 1.00. the lesion curve would be 
shifted to the right on the x axis. “C.” the mean 
number of epidermal cells per cotyledon, was deter- 


mined by microscopic count to be 1.16 10°; and it 
was similarly determined that “L.” the mean number 
of epidermal cells per lesion, was 137. “V.” caleu- 
lated from the lesion equation using values of X and 
Y determined experimentally, was found to be 0.869 
,°. This would be equivalent to a mean injury diame- 
ter of 1.18 yp. Larger injuries probably injure the 
cell too much to permit infection. The cell suscepti- 
bility factor, “s.” and the fraction of epidermal cells 
injured properly, “f.” may be considered a single 
term: in reality a term for eficiency of inoculation. 
It is preferable to treat these 2 factors as a single 
term because it is conceivable that the amount of 
inoculation injury may influence cell susceptibility 
per Se. The value of the “sf” term was calculated 
from the maximum number of 


148: st 0.0175). 


Under the conditions of this experiment, the lesion 


lesions formed (sfC/L 


equation can thus be reduced to the form Y 
(0.215 X) (1 0.00145 X)"'. It can be seen trom 
Fig. 8 that the experimental values very closely fit 
the caleulated curve. Youden, Beale. and Guthrie 
(37) and Bald (2). from the Poisson series relating 
virus concentration to numbers of lesions, derived an 
equation resulting in a somewhat similar dilution 
curve: however, the lesion equation we propose here 
seems to have a more rational basis. 

Obtaining 1 lesion per cotyledon required 4.6 ppb 
TMV. Since the inoculum film was estimated to be 
94+0.7 yw thick. it can be calculated that 527.000 
parth les of TMV were applied per cotyledon to ob- 
tain 1 lesion. Consequently. the efficiency of the in- 
oculation procedure is very low. 

Excess inoculum was probably applied. since the 
depth of the inoculum film was 9.4 » and the diameter 
of the susceptible site was 1.18 ». If the amount of 
inoculum applied were reduced to a minimum (1.18-p 
film). 65.900 TMV particles would be required per 
cotyledon to produce 1 lesion. With a known volume 
of inoculum applied to as many leaves as possible, 
Steere (26) calculated 1 TMV lesion per 52,000 par- 
ticles. which is close to the figure of 65.900 for cucum- 
ber. Since the efficiency of the inoculation procedure 


¢ 


was only 1.75%. (sf 0.0175). an inoculation pro- 


cedure giving 100° efficiency would still require 
1150 TMV particles per lesion under ideal conditions. 

It is not likely that inoculation efficiency could be 
improved to this point, let alone exceed it, because 
the susceptible site is apparently only a small portion 
of the epidermal cell. Since the average epidermal 
cell has an area of 863 ,»?, the minimum inoculum 
(1.18 » thick) that could be applied per cell would 


1018 »®. The infection site, with a mean volume of 
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869 fs 
lum applied, the remainder being wasted. Therefore, 
the maximum chances of infection are 1: 1172, which 


would thus occupy only 1/1172 of the inocu- 


is well within the experimental error of the figure 
1: 1150, 


based on producing an average of 1 lesion per cotyle- 


calculated above. These calculations are 
don. On a systemic host, it would be expected that 
infection would be obtained with fewer TMV particles, 
particularly if a much larger leaf area per plant were 
inoculated. Schramm and Engler (21) have recently 
reported 50°, infection of tobacco with as few as 10 
TMV particles per plant when they inoculated large 
numbers of plants. 

The inoculation efhciency factor (sf) varies with 
growing conditions of the test plants. With a con- 
stant purified inoculum and a standard inoculation 
procedure, the lesion equation becomes Y (12.32 

X) (1 + 0.00145 X) lesion counts 
under different conditions can thus be expressed in 


Variations 


terms of cell susceptibility. 
Effect of water. 
with water or solutions of various salts had no sig- 


Washing inoculated cotyledons 


Cotyledons dusted 
rubbed with a dry pad, and 
washed before inoculation had lesion counts not sig- 
nificantly different from those of cotyledons similarly 
treated but unwashed. 


nificant effect on lesion count. 
with carborundum. 


The effect of drying cotyledons in a stream of warm 
air was tested by placing seedlings in an air-circulat- 
ing oven at 32°C for various periods, before and after 
inoculation. Plants kept longer than 7 minutes after 
inoculation were severely wilted. No treatment pro- 
duced any significant differences in lesion counts. 
Similarly, lesion counts were not significantly affected 
radiation for 1-5 
minutes after inoculation. There was no effect from 


in plants submitted to infrared 


dusting with caleium carbonate or celite immediately 
after inoculation to absorb free water. 

Three experiments indicated that water may reduce 
lesion counts in cucumber: lesion counts were re- 
duced about 50° if plants were placed in a sealed 
moist chamber for 24 hours after inoculation: 60% 
if cotyledons were smeared with lanolin immediately 


‘ 


after inoculation: and about 35° if cotyledons were 
infiltrated with water under a vacuum, either before 
or after inoculation. 

However. other factors. such as internal carbon 
dioxide concentration (14). may have been more im- 
portant. If water were the main factor, it would be 
expected that infiltrating cotyledons with increasing 
concentrations of sugar solutions before inoculation 
would increase lesion count; but the opposite oc- 
curred. Lesion counts decreased as sucrose concen- 
trations increased to 1°. Higher concentrations plas- 
molyzed the cotyledons. Lesion counts were decreased 
33% by a 0.1% 


solution, and 77° by a 1.0%. solution. 


sucrose solution, 51% by a 0.3% 
Panzer (20) 
TMV-Pinto- 
bean system. It thus appears that water per se had 
little effect on TMV lesions in cucumber cotyledons. 


recently obtained similar results with 
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Holmes (9) usually increased the number of TM\ 
lesions when he washed inocul ited leaves with water. 
This has been interpreted as a removal of inhibitors, 


either in the inoculum or from the injured cells of 
the host. In our experiments, since the inoculum was 
a purified preparation of TMV, it is unlikely that 
inhibitors were present It can thus be concluded 


that no soluble inhibitors of TMV are present in 
cucumber cotyledons. In this regard, Gendron and 
Kassanis (7) concluded that cucumber was _ less 
affected by inhibitors from plant sources than were 
any other species tested 

Yarwood (33) first reported the deleterious action 
of water on TMY lesion: bean. More recent work 
(13) has indicated th effect of water depends 
on the particular host-virus system being studied. 
With bean, an increase TMV lesion count from 
rapid drying of inoculated leaves was obtained only 
when phosphate was absent from the inoculum. Yar- 
wood (35) reported <imilar results. and reasoned that 
the water removes cert ions necessary tor virus 
attachment. These factors apparently do not operate 
in the TMV-cucumber sten 

Effect of temperature Cucumber seedlings were 
usually grown in a greenhouse maintained at 20-25 °¢ 
Inoculated seedlings maintained at 10-12 ¢ formed 
few lesions or none This temperature is apparently 
too low for adequate lesior ormation. but It was not 
determined whether the effect was indirect. on starch 
metabolism, or direct. or : formation 

If cucumber seedling re chilled 1 hour at 2 ¢ 
immediately before ino lesion count was re 
duced by 78 7 i »- hho hilling reduced lesions 
96%. Low temperatures seem to de press cell 
susceptibility markedly 

In one test (100 repl ites inoculated cucumber 
seedlings were maintained (| Or ze with no 
significant difference in les count. In another ex 
periment, cucumber seed! were grown In green 
houses at 2] and 32° ¢ After ilation, half of the 
plants in each greenhouse were interchanged. The 


lesion counts depended o e temperature prior to 
inoculation. Plants grow 2 C before inoculation 
had 88°) fewer lesions tl those grown at 21°¢ 
regardless of the re temperature Phe 
effect was on the host t n the virus At the 
higher temperature onl { the cells were 
susceptible (sl U.00 

The effect of 38°C temperature was limited to 24 
hours after inoculatior esion count was reduced 
14°) on inoculated seedlings transferred immediately, 
from 21 to 38°C, whether were left 24 hours o1 
6 days. However. if the of inoculated plants 
was delaved 24 ho irs le =I unt was not reduc é d 

To summarize the effes temperature, maximum 
lesion formation occurs at 8 ( Further, cucum 
ber seedlings grown at 32 | re much more resistant 
than those grown at 2] ¢ These results are in gen 
eral agreement with those Johnson (12 Steere 
(26), and Allingtor \ ! " d Laird | Phese 
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workers found that 36-40°C prevented systemic TM) 
development in tobacco. Kassanis (15) reported that. 
in TMV-N.-glutinosa or TMV-bean plants 
kept at 36°C a day or more before inoculation were 
more susceptible than similar plants kept at 20°C 
The opposite effect was found for the TMV-cucumbe; 


systems, 


system. 
leaves 
1-2 minutes in water at 45°C inoculation 
markedly increased their susceptibility to TMV. Cu. 
cumber plants so treated, either in water or in air at 
15°C, were slightly 
rMV (25%). 


immediately 


Yarwood (31) reported that heating bean 


before 


more resistant to infection by 


Heating the inoculum to this tempera. 
ture before inoculation also gave fewer 
lesions. 

Effect o} light. 


reduced lesion count about 60°; 


\ 24-hour dark period for plants 
if given after inocu- 
but left count unaffected if given before inocu. 
Roberts (3) found that a dark 
period before inoculation increased the susceptibility 
of N. glutinosa to TMV, but a dark period after inocu- 
Apparently 


lation 


lation. Bawden and 


lation usually decreased the susceptibility. 
this is another instance of host difference. 
light 24 
creased the susceptibility of cucumber cotyledons t 
TMV by 70% additional 
effect. had no 
effect. 


inoculation 


Continuous hours before inoculation de- 


longer periods had no 
light after 
Thus a dark period in the 24 hours prior to 


Continuous inoculation 


is necessary for maximum lesion forma- 


tion. Incandescent light during the dark period re- 
duced susceptibility more than fluorescent light 
Matthews and Proctor (19) found that continuous 
light reduced the susceptibility of bean plants to 


They the effect to 


accumulation of organic acids in the bean tissue. 


tobacco necrosis virus. attributed 


Seasonal differences in susceptibility of cucumber 


to TMV were noted. Minimum susceptibility occurred 
during periods of low light intensity. In 96 different 
tests over 2 years, plants were grown under different 


natural lighting conditions. but all inoculated with 


100 ppb TMV. 


individual 


Each test represented the mean of 40 
Phe 


measure of light intensity was the difference 


or more cotvledons. only available 


between 


air temperature and black-bulb temperature. This is 


a crude measure of light. but sufhiciently accurate to 
show trends. Partial correlation coefhicients on these 
data were .038 for lesion counts vs. total light for the 


lesion count vs. 
Only 


> days after inoculation, and .750 for 
total light for the 5 


light before 


davs before inoculation. 


inoculation was important. 


The regression curve between light before inocula- 
tion and number of lesions is shown in Fig. 5. At 
lower light intensities the log, of the lesion count is 


while at 
levels off 
5.05. which is equiva- 


light. 


count 


directly proportional to the 
light 
approaching a maximum of log 
lent to 156 lesions. equiva: 
lent to 14.5% 145). 
The range of cell susceptibility found experimentally 
0.44% to a high of 11.007. Thus it 


almost 


higher intensities the lesion 


The maximum would be 


ot the cells susceptible (sf 


was a low ot 
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would seem that light, though not the only factor 
affecting cell susceptibility, is a major one. 

Further evidence was obtained by growing plants 
under a cloth shade before inoculation and trans- 
ferring them to normal greenhouse light after inocu- 
lation. Such plants were etiolated and very resistant 
to infection. Only 0.021° cells were found suscepti- 
ble under these conditions (sf = 0.00021). 

Limited attempts to determine the biochemical 
nature of the light reaction were unsuccessful. Appli- 
cations of gibberellin (in concentrations up to 1000 
ppm) and kinetin (in concentrations up to 10 ppm) 
at various times before inoculation on plants grown 
under relatively low light had no significant effect on 
susceptibility. 

The effect of inoculation hour was studied by 
inoculating cucumber seedlings with 100 ppb TMY 
periodically throughout the day. The experiment was 
repeated at different times of the year. The results 
(Fig. 6) indicate a marked diurnal difference in the 
susceptibility of cucumber cotyledons to TMV. Maxi- 
mum sensitivity is usually at 1-2 p.m., but may occur 
anywhere from 1 to 5 p.m., depending upon the day 
of inoculation. Inoculations at 2 P.M. averaged 90% 
more lesions than inoculations in the morning. The 
maximum difference between morning and afternoon 
inoculations was 400%. Matthews (18) reported a 
similar diurnal variation in the susceptibility of bean 
plants to tobacco necrosis virus, and Yarwood (36) 
reported the same for beans to TMV, with a less pro- 
nounced effect for V. glutinosa to TMV. 

Effect of purines and pyrimidines.—I\t would seem 
probable that more uniform lesion counts could be 
obtained on cucumber if the factors governing the 
marked diurnal variability in susceptibility to TM\ 
could be determined. Matthews and Proctor (19) 
found that organic acids in bean inhibited tobacco 
necrosis lesions. The inhibiting effect could be over- 
come by calcium and magnesium nitrates. In_ the 
TMV-cucumber lesion system, however. calcium and 
magnesium salts had no effect; so it is unlikely that 
organic acids are important in the diurnal cycle of 
this system. 

To determine if purines and pyrimidines might be 
limiting, adenine, cytosine. guanine, and uracil were 
dissolved in 0.01M NH,OH and added to the inocu- 
lum at 10°M. Each of the bases, added separately. 
increased lesion count about 50%. The 4 bases com- 
bined increased lesion count 120°. The combined 
nucleosides increased lesion count 135%. The 4 
nucleotides combined increased lesion count 300°. 
It was further determined that RNA (ribonucleic 
acid) from yeast. hydrolyzed to the nucleotides with 
alkali, was as effective as the mixture of pure nucleo- 
tides. Yeast RNA was hydrolyzed with KOH and 
neutralized with perchloric acid (6). Nonhydrolyzed 
yeast RNA and RNA isolated from cucumber (16). 
however. had no effect on lesion count. The com- 
bined nucleotides were equally effective in concentra- 


tions of 10°°-M-10°M. 
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Adding nucleotides to inoculum increased lesion 
counts in the morning but not in the afternoon, and 
the diurnal peak still occurred. In 7 of 9 different 
tests during the morning hours, nucleotides stimulated 
lesion formation an average 112°. In 5 tests during 
the afternoon hours, nucleotides had no effect. Light 
intensity was not correlated with nucleotide effective- 
ness. It was concluded that nucleotides may be limit- 
ing for TMV lesion development in cucumber at 
certain unpredictable times during morning hours, 
but that unknown factors are also limiting. 

Effect of surfactants.—Various types of surfactants 
were included in the inoculum to determine their 
effect on the lesion count. In all cases lesion count 
Aerosol 
O.T. (bis(2-ethylhexyl) sodium succinate), one of the 


was markedly reduced. For example, 0.2% 


most effective surfactants, reduced lesion count 94%. 
It was therefore of interest to determine if surfac- 
tants could be used to throw some light on the infec- 
tion process. To one cotyledon of cucumber cotyledon 
pairs inoculated with 100 ppb TMV, 0.2% Aerosol 
O.T. was applied with a brush at different times after 
inoculation. The results (Fig. 3) showed a gradual 
decrease in effect of treatment to zero, about 3 days 
after inoculation. Twenty-four hours after inoculation 
37° of the inoculation sites were still susceptible to 
inhibition, indicating that infection sites may vary 
considerably in rate of lesion development. At some 
sites the infection process reaches in a few hours a 
stage that is not susceptible to surfactants, whereas 
at other sites this stage is not reached for 1-2 days. 

In view of these results, the rate of lesion develop- 
ment was re-examined. Cotyledons were harvested 
daily after inoculation, and the lesions examined. No 
lesions could be found until about 4 days after inocu- 
lation, when about 50°) of the maximum number of 
lesions had formed. By 7 days the maximum number 
of lesions was formed. These observations agree with 
the surfactant results. 

Rate of lesion development, as expected, is a fune- 
tion of temperature. Inoculated plants kept at 32°C 
were not affected by surfactants applied 24 hours 
later. Lesion development apparently passed the 
stage where it might be inhibited. 

The marked difference in rate of lesion develop- 
ment implies a difference in rate of infection at dif- 
ferent infection sites within an individual cotyledon. 
It may be due to differences in the rate of infectivity 
of different virus particles or to differences in the rate 
of infectibility of the sites themselves. 

The lesion equation predicts that varied infectibility 
of sites would be expressed independently of TM\ 
concentration; varied virus infectivity would not, with 
the effect of this factor diminishing as virus concen- 
tration increases. A constant amount of surfactant 
used with TMV concentrations of 30-1000 ppb gave a 
constant percentage reduction in number of lesions. 
It would appear that surfactants primarily affect in- 
fection site, not the virus. 
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Fic. 9-10. 9. TMY starch lesions in cucumber cotyledons produced by 100 ppb virus in inoculum.—10. Starch 
lesions produced by 1000 ppb TMA 
DISCUSSION If the process of virus infection is to varies at different attachment sites. It is a tempera- 


be thoroughly understood, factors governing the sus- 


ceptibility of the host must be elucidated. From the 
results reported in this paper, susceptibility appears 
to be a complex phenomenon Furthermore. the Op- 
erative factors appear to be different in different 
virus-host systems. Phosphate and water are impor 
tant in the bean-TMV system (13, 24. 29. 31, 33, 35). 
but not in the cucumber-TMV_ system \ 36°C tem 
perature for a day before inoculation with TMV in 
creased susceptibility in bean or NV. glutinosa (15 

but reduced susceptibility in cucumber. To clarify 
the infection process. it would seem desirable to study 
as simple a system as possible The cucumber-TM\ 
system appears simpler tl either the bean-TMYV o1 


V.-glutinosa PMV syster ilthough the recently de 
veloped TMV host t n val ranthi-ne (28) 


may be more sensitive 


In variability of lesion counts efhciency of inocula- 
tion appears less important thar plant susceptibility 
Inoculation, in its simplest form, consists of present 
ing a virus particle to a properly injured cell. Mavxi- 
mum efhciency is achieved by producing optimal 
injury, as shown in the irborundum studies. Exces 
sive injury is detrimental. but host cells recover from 
injury within 24 hours and can be re-inoculated 

Since injury is a requisite infection, local-lesion 


assay of plant viruses can not be. strictly compared 
to plaque assay of bacteriophages, where injury to 
the bacterium is not required. Even under ideal con 
ditions—with all TMV particles active. a minimum 
of inoculum applied. and all cells susceptible and 
properly injured—one can expect no better than 1 
lesion per 1,200 TMV particles applied. because the 
size of the infective site is only 1/1200 of cell size 
To achieve better efficiency. a host would be needed 
where injury was not required for infection 

The first stage of the infection process must be one 
of attachment of the virus to the injured cell. The 
attachment is apparently immediate. for an immediate 
wash does not reduce lesion count. Furthermore. only 
virus particles in intimate contact with the injured 
cell appear to attach, for depth of inoculum film is 
not important. Attachment of an active virus particle, 
however, does not assure infection Rate of infection 


ture limited process, and attached virus is subject te 
inactivation by surfactants before it infects the tissue, 
The attachment phase is probably identical to Phase ] 
of the infection process as proposed by Siegel and 
Wildman (22). The susceptibility of a host is thus 
a complex function with at least 3 phases. Suscepti- 
bility can be altered by affecting 1) the virus attach- 
ment process, 2) the attached virus before it infeets, 
and 3) the infection process. 

Of the various environmental factors studied, light 
appeared most important in affecting host suscepti- 
bility. The biochemical mechanisms that light affects 
are not yet clear. Diurnal variations in susceptibility 
may be partly controlled by nucleotides, but it is not 
known what role nucleotides play in susceptibility, 
Nucleotides are required for TMV multiplication, but 
multiplication must be a much later stage in the 
infection process, and it seems likely that nucleotides 
play a role in earlier stages of infection. 

Since a dark period before inoculation is required 
for maximum susceptibility, and since susceptibility 
s a function of total radiation before inoculation. it 


is obvious that a light-sensitive reaction is important 
in susceptibility. It has not yet been possible to 
determine the action spectrum of this light effect; 
so it is not known whether photosynthesis or some 
other light-sensitive reaction is involved. Since sugars 
tend to decrease susceptibility, it is likely that a 
photochemical mechanism other than photosynthesis 
is involved. 

The effects of temperature on susceptibility are 
likewise unknown. It may be that temperature and 
light affect the same biochemical mechanisms, but 
this remains to be determined. It is difficult to visu- 
alize, however. why chilling plants 1 hour before 
inoculation markedly reduces susceptibility, unless the 
attachment process is temperature limited or unless 
the chilling reduces the ability of the cytoplasm to 
exude through the injury and capture a TMV particle. 

Recently, Siegel and Wildman (22) proposed that 
an exclusion mechanism is operating in .V. glutinosa 
whereby 1, and only 1, TMV particle can initiate an 
infection. Their conclusion was based on UV survival 
curves being independent of TMV concentration over 
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a range of 5X 10* to 510° mg of TMV per ml. 
They calculated that these concentrations gave more 
than 1 TMV particle per infection site based on the 
infectivity-dilution formulations of Youden, Beale, and 
Guthrie (37) and Bald (2). 
js equally probable: that their calculations are not 
valid. and that there must be less than 1 TMV par- 
ticle per infective site for the TM\ 


However. the alternative 


concentrations 


they used. rather than that there is an exclusion 
mechanism in Operation. 

There are several reasons why it is unlikely that 
exclusion takes place. Studies with abrasives have 


clearly shown that infection is a function of the 


amount of injury. Thus. virus infection in plants 
probably takes place on an injured surface. which is 
quite different from infection of bacteria by bacterio- 
phage, where injury is not required. Benda (4) has 
shown that 2 strains of TMV can enter a 


clearly 
single epidermal hair cell and initiate an infection. 
so that an exclusion mechanism, if it exists, must not 
be applicable for different strains or is imperfect at 
higher virus concentrations. Our studies indicate that 
the average infective site in cucumber has an area of 
about 1.09 w*, and that 94%10°% mg of TMV per ml 
is required to provide 1 TMV particle for each infec- 
tive site. Thus it is likely that the TMV concentrations 
Siegel and Wildman provided less than 1 
TM\ partic le per infectious site. 


used by 
Benda used 11 mg 
of each virus strain per ml, which would provide at 
least 100 infectious particles per site. 
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EFFECTS OF CROWN GALL AND HAIRY ROOT ON THE GROWTH OF APPLE TREES: 
\ J Riker J G Berbee. and E. B. Smalley 


SUMMARY 





Yellow Transparent nursery apple trees were fected trees were smaller than the others after 6 
inoculated with crown gall or hairy root bacteria years, and also were smaller after 25 years. Many 
and planted in an orchard with healthy controls. of the original lesions were covered with healing 
Trees infected by crown gall were not significantly callus. No definite evidence was found of heart 
smaller than tl ected trees. Hairy-root-in rot developing from the original lesions. 

wr 

Numerous discussions etimes heated. were held 9 sulted either from hairy root. which we now know 
in the 1920°s on damage iused by “crown gall” on is caused by A. rhizogenes, or from hard galls. which 
apple trees. Losses oft ere extensive—so great, we now know as wound overgrowths. In fact. a few 
in fact. the nurserymen many times would plant nurserymen claimed that trees with hairy root were 
150.000 trees to obtain 100.000, for they expected to better than normal trees, because of their larger root 
lose one third of thet systems, 

These losses prompted som rservmen and fruit Control measures were developed for these various 
growers to set out orchards to compare the perform- diseases consisting primarily of a specially developed 
ance of “crown gall” and healthy trees. They reported half-inch strip of adhesive cloth with mercuric chlo- 
that the amounts of growth from diseased and healthy Tide. 1:300 by weight. incorporated into the plaster 
trees were comparable. Consequently. they questioned ™ass. This, combined with improved sanitation and 
the requirements that crown gall trees must be de improved fit of unions on piece-root apple grafts, re- 
stroved duced the economic aspect of the problem to a satis- 

In 1924. the National Nurserymen’s Association factorily low level (4, 6). 
igeacesed 9 testerch program to answer some of th: However, questions still remained about the effects 
eunttens tavibved. This reecarch was lster taken ° CTO™ gall and hairy root on tree growth. The 
aves be the U. S Department of Acriculure and Pretest paper describes a comparison in an or hard 
several experiment stations. In time, whet had heen °°7**inins uninoculated trees and trees inoculated 
considered a single disease was differentiated into at with crown gall or hairy root bacteria. ; 
"Si STE Co OS SE POE REAL RCN MATERIALS AND METHODsS.—Experimental Yellow 
bitteas tat & Tan, Case Ltcis deat -dneomeedl Transparent trees were available from seasonal devel- 
hy {grobacteriun j genes (RB.WKS Conn.: opment studies reported by Riker and Hildebrand 
end wound overarowth 1 nonparasiti swelling cS? Phe trees had been planted as plec e-root apple 
caused by badlv fitted ons on piece-root apple grafts In 1930 in a Kansas nursery. The 4-in. root 
ssdlia ox ty compettble injuries. A lees inoxtem = ks were from seedlings, which doubtless provided 
es de a a was recognized. These ™ore variability than clonal root stocks would have 
findings have been reported in a number of papers done. However, many of the trees soon developed 
Tey eee their own roots from the scions. Early in 1931, about 

; " two thirds of the trees were inoculated by Hildebrand 

Since the so- ulled wn gall orchards vicindiaal just above the union with known pure cultures of 
ently contained healthy trees and trees having one or . . 

either the crown gall or the hairy root bacterium. 
another or a mixture of the above diseases, the results ; 

\fter seasonal development had been determined 

were difficult to evaluate. However, nurserymen gen 


(thanks to Hildebrand), 158 trees were transplanted 
in an experimental orchard at Madison, Wisconsin, 
on Miami silt loam. In 1933. any trees that had died 


erally agreed that soft ga ow known to be cause 


by A. tumefaciens. rendered a tree unsuitable for 


sale Some nurserymet rgzued that no damage re . . 
- a were replaced with comparable healthy or diseased 
R trees. All inoculated trees had conspicuous symp- 
( ted for wuiblicat September 15. 1958 a ‘ . ° os 
| blished , | he W toms. The established orchard consisted of 158 trees. 
n ished wit t} pprova t the hrector of the Is . ‘ . c - 
agg pee ~an ‘t o including 42 with crown gall, 52 with hairy root. and 
consin Agricultural Experiment Statior The photograph , 
wae esate be Rasene ten 64 healthy controls. 
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February. 1959 RIKER ET AL: CROWN GALI 


[ABLE l. {verage growth ot diseased and healthy trees 


after 0 vears 


Number Diameter (in.) Height (ft.) 


Trees with crown gall 42 2.58 10.0 
Trees with hairy root 52 2.03 8.6 
Healthy controls 64 3.02 11.2 


The trees were left without spraying, cultivating, or 

pruning. but were protected with wire hardware cloth 
against rabbits and mice. In 1938, the height and 
diameter of 158 trees were measured. Then 3 of 7 
rows were removed for observation of the sites of 
rown gall and hairy root infection. The remaining 
trees were allowed to stand until the fall of 1957, 
when height and diameter were remeasured. Then 
they were removed for examination of the points 
where crown gall and hairy root had occurred. 

Resutts.—In 1938. there were no significant differ- 
ences in mortality among hairy root. crown gall, and 
control trees. Table 1 shows the average diameters 

ft. above the ground and the average heights. Only 
lifferences greater than 1.25 ft. in height and 0.39 in. 
n diameter were considered significant. 

The crown gall trees were not significantly smaller 
than the healthy trees. However. the hairy root trees 
were Obviously smaller, both in height and diameter. 
[his was conspicuous in the orchard. One might per 
haps have expected that the large number of roots 
from the hairy root infection would provide consider 
ible additional absorptive surface, both for moisture 
ind nutrients. and thus would stimulate growth. But 
these roots probably used up much of the growth 
material from the tree without adequate functional 
return. 

{mong the 67 trees removed for inspection in 1938. 
in occasional tree appeared to have recovered from 
rown gall or hairy root. and an occasional tree 
ppeared to have become infected. In some cases, 
rown gall and (to a lesser extent) hairy root seemed 
to develop during the growing season and to be killed 
wer winter. In many cases, they grew again the fol- 
lowing spring—from the margin of the old lesion. 
\ithough there was a possibility that the crown gall 
lesion might be an open infection court for heart rot. 
one was found. 

Several trees in the 4 rows left until 1957 had been 
ittacked in wave years by fire blight. This probably 
contributed to the mortality of some of the 17 trees 
that died. In any case. the distribution of the dead 
trees (Table 2) indicates that relatively little. if any, 
of the mortality was due to the artificial inoculations. 


Taste 2..-Wortality and average growth of diseased and 
) 


healthy trees after 25 years 


Number Diameter Height 

Living Dead in.) (ft.) 

Trees with crown gall »2 ) 9.5 22 
Trees with hairy root 25 6 7.9 21 
Healthy controls 27 8 Uf 23 
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. & 

Fic. 1. Crown of a Yellow Transparent apple tree 25 
years after planting. Crown gall following artificial inocu 
lation had been present at planting time on the lower right 
part of the main stem where no roots developed. When 
removed, the diameter of the stem was 7.4 in., and the 
height of the tree was 17 ft No heart rot was observed, 


l 
S. 


Table 2 shows that. after 25 years, hairy root trees 
were smaller than the others in both diameter and 
height. Average growth of crown gall trees and un- 
inoculated trees did not differ significantly. 

All of the trees were removed for examination of 
the place of the original inoculations. Active crown 
gall was observed on 2 trees. In 1 case, numerous 
crown galls were observed on the lateral roots. One 
of the hairy root trees had numerous smaller hairy 
root infections on the lateral roots. On most of the 
other trees, the original inoculation was located with- 
out much difficulty. However. the original lesions 
seemed not to be progressing: in many cases they 
were partly or completely healed over. Nevertheless, 
the root systems of crown gall trees often were not as 
well developed below the crown gall as under other 
parts of the stem. In an extreme case, shown in Fig. 
1. growth was much reduced; the diameter was about 
} in. less than the average for the controls, and height 
was 4 feet less. 

Representative stems were sawed across through 


the original lesion to determine if it had been an open 
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infection court for heart rot organisms. In no ec: 


was clear-cut evidence secured However. heart 


sometimes was associated with large dead branches. 


which may have been killed by fire blight. 


The evidence failed to confirm earlier views 
trees infected with crown gall would die in a short 
time, and that trees with hairy root were better than 
normal trees. The evidence points clearly to stunting 
in early years, especially as a result of hairy 
infection—a condition that the trees failed to outgrow 
in 25 years. Both crown gall and hairy root appeared 
deleterious. but not so dan iging as considered 


some investigators 


Although satisfactory control measures were devel- 


oped (4, 6) the old iew shared by many leading 


nurserymen still seems logical This view was 


nursery apple trees with bark scraped off one side, 


with crooked stems. with too short roots, with crown 


gall, with hairy root. or with wound overgrowths 


deformed trees and should not be sold 
DEPARTMENT OF PLANT PATHOLOGY 
University OF WISCONSIN 
Mapison 6. Wiscon 
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FACTORS INFLUENCING THE USE OF GAMMA RADIATION TO 
LEMONS AND ORANGES! 


Louis Beraha. G. B. Ramsey. M. A. Smith. and W. R. Wright* 


CONTROL DECAY OF 


SUMMARY 


Experiments with artificially inoculated lemons 
and oranges were made to determine the possibility 
of extending their storage and shelf life by the use 
of gamma radiation. The fungi used were also 
observed in vitro as germinating conidia and de- 
veloping mycelium following irradiation to deter- 
mine conditioning factors for survival. The age of 
the colony of P. digitatum and the medium on 
which it is grown when irradiated influence sur- 
vival and rate of growth of the fungus. As judged 
by spore-germination tests in Tochinai’s medium, a 
lethal dose for conidia of P. digitatum would be 
more than 483,000 rep. Using Tochinai’s medium. 
the maximum that allowed spore germination of 
P. italicum was 467,000 rep; for formation of a 
colony, 103,000 rep: for survival of young actively 
growing mycelium, 157,000 rep. Nature of the 
suspending medium also is a factor in determining 
continued growth of the fungus. 

Irradiation of lemons within the range of 150,- 
000. 200.000 rep prevented rotting by P. digitatum 
without injury for about 12 days at 75°F and 17 
Unirradiated controls began to rot 
\ dose sufficient to kill the fungus 


days at 55°F. 
) 


after 3 days. 


caused skin discoloration and softening of lemons. 
Much higher doses are required to retard old or 
established infection than young or incipient in- 
fection. A dose of 200,000 rep was optimal for 
extension of the shelf life of navel oranges artifi- 
cially inoculated with P. italicum. When held at 
75°, no decay or radiation injury appeared within 
20 days. Unirradiated controls started to decay 
within 4 days after inoculation. At 41°F oranges 
remained in good condition even longer (65 days) 
after 150,000-300,000 rep, whereas unirradiated 
controls showed infection after 15 days. 

The shelf life of lemons inoculated with P. itali- 
cum was extended to 15 days at 75°F and 17 days 
at 55°F after 150,000 rep without injury, whereas 
unirradiated controls showed some decay within 3 
days. The development of Alternaria rot at the 
stem (button) end of irradiated lemons and 
oranges, and not in the unirradiated control fruit. 
indicates that changes in irradiated fruit may pre- 
dispose them to secondary decay. A. citri was 
more resistant to radiation than P. digitatum or P. 
italicum, both in vitro and in vivo. 





Sterilization of food with radiation sources of vari- 
ous types has been limited to products that can with- 
stand doses exceeding 2.000.000 rep® without visible 
damage or taste impairment. Certain fruits and vege- 
tables do not retain their appearance, flavor, or tex- 
ture when irradiated at or near sterilizing doses. To 
avoid these deleterious effects, low-dose pasteurization 
or incomplete sterilization is suggested. Unlike com- 
plete sterilization, partial inactivation of pathogenic 
or rot-inducing organisms through irradiation may 
prolong storage life with little or no chemical or 
physical alterations of tissues, 

This report presents the results of investigations of 


low-dose gamma radiation for prolonging the storage 


Accepted for publication September 16, 1958. 

Investigation conducted by the Biological Sciences 
Branch, AMS, U.S. D. A., in cooperation with the Depart 
ment of Botany, University of Chicago. This paper reports 
research undertaken in cooperation with the Quartermastet 
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Research and Engineering Command, U. S. Army, and has 
been assigned number 823 in the series of papers approved 
for publication. The views or conclusions contained in this 
report are those of the authors. They are not to be con 
strued as necessarily reflecting the views or endorsement 
of the Department of Defense. 

Pathologist, Principal Pathologist, Senior Pathologist, 
and Associate Pathologist, respectively, Biological Sciences 
Branch, AMS, U.S. D. A. 

For roentgen-equivalent-physical, the amount of ioniz 
ing radiation that would deliver 93 ergs to a gram of wet 
tissue 


9] 


life of lemons and navel oranges artificially infected 
with Penicillium digitatum Sacc. and P. italicum 
Wehmer, the respective causal agents of green and 
blue mold rots of citrus. Supporting evidence for the 
results obtained in vivo is given from cultural studies 
of the pathogens alone. Macroscopic changes in 
lemons and oranges caused by gamma radiation of 
the selected doses are noted. A_ preliminary report 
has been made on these investigations.* 

MATERIALS AND METHODS.—/. digitatum and P. 
italicum were maintained on potato-dextrose agar 
slants. Conidia from 7-day-old cultures were held as 
suspensions in sterile distilled water at 38°F. For 
spore-germination studies, a uniform quantity of the 
suspension was distributed aseptically in Pyrex tubes 
containing a concentrated solution of Tochinai’s me- 
dium.° The resulting suspension of 100,000-125,000 
viable spores per ml was refrigerated before and after 
irradiation. Temperatures during irradiation were not 
determined. Examinations of unirradiated, identically 
prepared control spore suspensions indicated that 
germination did not take place prior to or during 
irradiation. Following irradiation, triplicate samples 


of 2-ml spore suspensions were poured onto 0.5% 


Beraha, L.. G. B. Ramsey, M. A. Smith, and W. R. 
Wright. 1957. Gamma radiation for possible control of 
post-harvest diseases of lemons and oranges. Phytopathol- 
ogy (Abstr.) 47: 4 

Tochinai, Y. 1916. Comparative studies on the physi- 
ology of Fusarium lini and Colletotrichum lini. J. Cell. Agr. 


Hokkaido Imp. Univ. 14: 171-236, 
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TABLE 1.--Germination of gamma-irradiated conidia of Penicillium digitatum and P. italicum and the uppearance of the 
germ tubes in Tochinai’s medium after 18-20 hours at 75°h 
Fungus and Spores germinating Germ-tube description 


dosage (rep) ( of control) 


P. digitatum 
970,000 () 


183,000 7.2 

300,000 12.4 

193,000 16.2 

100,000 95.0 

50,000 17.3 

9.700 93.1 
0 tecontrol LOO 


P.. italicum 


940,000 0 
167,000 l 
280,000 15 
199,000 10.] 
156,000 15.8 
103.000 95.4 
19,600 7s 
0 (control) 100 
water agar in Petri plates, the spores were allowed to 


settle, and the surplus suspending medium was dis- 
carded. These plates were then slanted and incubated 
18-20 hours at 75°F. Three hundred spores of each 
replicate were counted in fields selected at random 
under the low power of microscope with 25-50 
spores in each field. Corrected per cent germination 
at all doses, equaled the observed per cent germina- 
tion multiplied by 100 and divided by control pet 
cent germination 

The combined influence of radiation and type of 
medium on the survival of hyphae was determined by 
using 24-hour-old colonies of the fungi grown on 
Tochinai’s or Czapek’s agar slants. Inoculation was 
made by streaking the medium with a loopful of 
spores suspended in sterile distilled water. Following 
irradiation of triplicate samples at each dose the 
slants or mycelial transfers to potato-dextrose aga 
held at 80°F were observed periodically for 24 days 
for renewal of growth 

All fungal cultures prepared for irradiation were 
placed in No. 2 tin cans and sealed. Following irra- 
diation, the cultures were removed and placed undet 
the experimental conditions 

To determine the influence of irradiation on the 
progress of induced infection, surface-disinfected 
fruits were inoculated by placing small agar disks 
bearing mycelium beneath the rind of the fruit or by 
making incisions 2 mm deep in the rind and dipping 
the fruit in a spore suspension of the pathogen ad 
justed to 50,000-100,000 conidia per ml. Inoculations 
were so timed that replicates of different infection 
ages were available at the time of irradiation. Before 
irradiation, all fruits artificially inoculated were incu 
bated at least 18-20 hours in humidity chambers held 
at 75°F. Each sample consisted of 1 orange or 2 
lemons in a perforated polyethylene bag in a sealed 
No. 2 tin can. 


Selected doses were usually used 3 different times 


1-% length of check tube: unbranched 
1-% length of check tube; unbranched 
%-l4 length of check tube; unbranched 


Ms length of check tube: few brane hed 
% length of « heck tube: few branched 
165-180 «: branched 
165-180 «: branched 


very short, less than 'x length of check 


short, 5-4 length of check 


short, 's-% length of check 


short, 's—-™% length of check 


short, %4—'% length of check 


short. few long. I A length of ( heck 


long, 160-180 uw: few branched 

for quadruplicate samples, making at least 12 replica- 
tions of each dose. Controls consisted of unirradiated, 
identically prepared material. Following irradiation, 
the lids ot the cans were cut off and replaced loosely 
to permit ventilation. Samples were left at room tem- 
peratures or placed in a refrigerator. In unirradiated 
controls at room temperature, rot was evidenced by 
a softening and the appearance of mycelium on the 
fruit surface within 4 days of inoculation. In all 
trials, infection in the controls was 100°). Examina- 
tions were made daily to trace the initiation and 
development of rot and any alterations in the general 
appearance of the fruit. 

The source of gamma rays was fuel elements from 
the Atomic Energy Commission’s Material Testing 
Reactor in Arco, Idaho, and arranged in the high-level 
gamma irradiation facility at the Argonne National 
Laboratory, Lemont, Illinois. Cans containing the 
material to be irradiated were placed in watertight 
aluminum urns and lowered into a rack in 17 ft. of 
water on the floor of the tank, adjacent to the cooling 
upright fuel elements. Urns were rotated at a con- 
stant speed of 2 rpm. The gamma flux was maintained 
at a minimum of 1,000,000 rep per hour. Unless doses 
are described as exact, they are approximate within 
1Om. 

Resutts.—Studies on spores.—Table 1 shows the 
percentages of germination of the conidia of P. digi- 
tatum and P. italicum and the relative lengths of the 
germ tubes in Tochinai’s medium following irradia- 
tion. Germ-tube elongation of irradiated conidia in 
suspension was inversely proportional to the dose of 
radiation: a comparatively high dose resulted in 
shortened, distorted germ tubes. Germination was 
similarly influenced, with a relatively high dose re- 
sulting in a low percentage of germinating conidia. 

Studies on mycelium.—1) Influence of radiation 
dose and suspending medium on colony formation by 


P. italicum.—In 2 experiments, attempts were made 
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to determine the relation between percentage of ger- 
mination of P. italicum and the ability of the irradi- 
ated conidia to produce, natural colonies. Spores 
irradiated in Tochinai’s and Czapek’s media were 
yniformly streaked on potato-dextrose agar slants in 
triplicate and compared with unirradiated controls 
for extent of subsequent growth. Similarly, actively 
growing young hyphae on both media were irradiated 
to determine levels of radiation for complete kill. 

4 spore of P. italicum may germinate following a 
dose of 467,000 rep, but colonies are not formed when 
conidia are irradiated above a dose of 103,000 rep. 
At this dose, appearance of colonies was delayed and 
the number of colonies was fewer than at the next 
lower dose tested (49,600 rep). The nature of the 
suspending medium apparently influences continued 
development of the spore and formation of a colony. 
4t 103,000 rep, no colonies were formed when the 
spores had been suspended in Czapek’s medium, but 
colonies were formed when the spores had been sus- 
pended in Tochinai’s medium. Likewise, the  sensi- 
tivity of actively growing mycelium was influenced by 
the medium on which it was grown, as evidenced by 
survival on Tochinai’s medium at the maximum dose 
(157.000 rep), but not on Czapek’s medium at only 
130.000 rep. 

2) Influence of radiation dose and suspending me- 
dium on survival of P. digitatum mycelium of different 
ages.—Actively growing colonies (6, 5. 4, and 1 day 


Taste 2.—Changes in lemons artificially inoculated with P. 


at 75°F 


Dosage and 
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old) on solid media were irradiated in small bottles. 
Survival was determined by making mycelial transfers 
to fresh potato dextrose agar slants in replicates and 
observing them for resumption of growth. 

At doses of 2,000,000, 1,000,000. and 500,000 rep, 
no growth was visible from transfers of irradiated 
colonies of P. digitatum, regardless of age, either on 
Tochinai’s or Czapek’s medium. 

At a dose of 200,000 rep, no growth resulted from 
colony transfers of fungus grown on Czapek’s medium, 
but colonies 6, 5, and 4 days old from Tochinai’s 
medium developed a delayed growth. In contrast, no 
growth of a l-day-old colony was initiated within 24 
days following the irradiation. 

At a dose of 100,000 rep, growth was initiated from 
transfers of colonies of all ages grown on Tochinai’s 
medium. However, only the 6-day-old colony on 
Czapek’s medium resumed growth when transferred 
to potato-dextrose agar. Half of the transfers from 
5- and 4-day-old colonies started to grow after 2 days. 
The l-day-old colonies made no growth within 24 
days. 

Doses of 50,000 rep were ineffective in retarding 
growth of the fungus colonies of different ages on 
Czapek’s and Tochinai’s media. 

Studies with fruit—1) Influence of radiation dose 
on visible or established green mold (P. digitatum) 
infection of lemons.—Results obtained on lemons in- 
oculated 4-6 days before irradiation and held at 75°F 


digitatum 4-6 days before gamma irradiation and then held 


davs held Progress of initial infection Texture * Rind color 
2.000.000 rep: 
} Surface mold eradicated; no further invasion Very soft Greasy brown 
f Surface mold eradicated; no further invasion Very soft Greasy brown 
9 Surface mold eradicated: no further invasion Very soft Greasy brown 
1.000.000 rep: 
3 Surface mold eradicated; no further invasion Very soft Greasy brown 
6 Surface mold eradicated; no further invasion Very soft Greasy brown speckled 
9 Surface mold eradicated; no further invasion Very soft Greasy brown speckled 
500,000 rep: 
} No advance from initial infection Firm Natural 
6 No advance from initial infection Slightly soft Brown speckled 
9 New sporulating colonies around old infection Soft Brown speckled 


200.000 re p: 


3 Original infection Firm Natural 
f Original infection with slight advancement Firm Natural 
9 Infection advanced; new sporulation Firm Natural 
100,000 rep: 
} Advanced infection; profuse sporulation Firm Natural 
6 Advanced infection; profuse sporulation Completely rotted Not discernible (surface mold) 
9 . Advanced infection; profuse sporulation Completely rotted Not discernible (surface mold) 


Inoculated control: 


) 


Advanced infection; profuse sporulation Firm Natural 
6 Advanced infection; profuse sporulation 
9 Advanced infection; profuse sporulation 


Completely rotted Not discernible (surface mold) 
Completely rotted Not discernible (surface mold) 


*“Firm” is for tissue outside rotted area. Softening was due to irradiation. 
Wide brown band pronounced on surface around limit of subsurface fungal invasion. 
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Fic. 1. Time after irradiation before first appearance of 
blue mold (P. titalicum green mold (P. digitatum), and 
radiation injury on artificially inoculated lemons. 


These 


which these 


lemons; 41°F for 
those 
stored commercially. 


he Ss 55 i for 


oranges, 


temperatures approximate under 


fruits are Development of rot, 
as indicated by the first appearance of infection and 
injury in the form of changes in texture and rind 
color, was checked at intervals following irradiation. 

\s demonstrated previously, doses that render lem- 
ons sterile also impair their texture and rind color, 
The time 


required for lemons to develop. injurious 


radiation reactions is inversely proportional to the 


dose. Hence, at 75°F the fruit may remain unaltered 
300,000 rep, and 17 days 


However, under prolonged 


for 5 days after doses of 
after 125,000 rep (Fig. 1). 
storage at room temperatures or under cold storage, 
physiological breakdown, as shown by softening and 
browning of the rind, becomes evident. 


femperatures at which lemons are commercially 
stored markedly 


browning and prolong the time before lemons show 


reduce injury in the form of rind 
injurious effects from irradiation. Softening, as dis- 
tinguished from browning. apparently is not delayed 
or reduced as much by storage at 55°F. 

The optimum dose that prolonged shelf life was 
150,000 rep (Fig. 1, 2). At this dose, lemons 
were held at least 15 days at 75°F and 17 days at 


55 without adverse effects or 


about 


appearance of infee- 


Pante 3. Fungi isolated from 12 tissue platings from 
stem-end area of California lemons held 1) days at 
»° ifter irradiatior 


Tissue platings yielding 

Dosage (rep) Cladosporium spp. {/ternaria citri 
1.000.000 *() 0 
300.000 5 0 
s00 000 6 9 
200,000 0 1] 
150,000 0 10 
125.000 } 8 
0 (control) 0) ‘i 


‘No visible rot of fruit. 
Rot evident at stem end of fruit 
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Taste 4.._Comparative grou th ratings of 24-hour-old my- 
celium of Alternaria citri grown on Tochinai’s 
medium 1-12 days after irradiation 


a 


Rating* after indicated number 


of days 
Dosage (rep) ] 5 6 7 g 12 
1,000,000 ‘0 0 0 0 0 0 
500,000 0 0 0 0 0 
168,000 ] l ] 2 2 2 
300,000 l 2 2 } } 5 
217,000 l } 4 } 5 5 
150,000 } 4 4 } 5 5 
100,000 } 5 " 9 5 5 
50,000 5 5 5) 5 5 
0 (control) } 5 5 5 5 5 


() indicates no growth, and 5 profuse growth. 


tion. At higher or lower doses, lemons more quickly 
displayed injurious radiation reactions or decay. 

Essentially the same relation, though with differ- 
ences, is noticed for navel oranges (Fig. 3). Softening 
or textural changes were pronounced in lemons inde- 
pendent of storage temperatures following irradiation. 
In oranges, softening was pronounced at 75°F in the 
range of 1,000,000-200,000 rep, but at 41° was evi- 
dent only at the higher doses (1,000,000-300,000) 
(Fig. 3). 

In lemons and oranges, rind color changes from 
radiation can be delayed by storage at low tempera- 
tures. Possibly because of the lower temperatures at 
which oranges can be stored, browning reactions are 
still inhibited after radiation doses higher than would 
be considered safe for lemons. 

The optimum dose for oranges stored at 75°F is 
about 200,000 rep. After this dose, inoculated oranges 
remained in good condition for 20 days without visible 
alteration of rind color or texture. Under cold-storage 
conditions (41°) the optimum range of dose was 
300,000-125,000 rep. After such doses, no infection 
or adverse macroscopic changes appeared in any of 
the samples during the entire period of the experi- 
ment (27 days). In another experiment, with 6 repli- 
cates observed for 65 days after irradiation, samples 
at 41° gave essentially the same results up to a 27-day 
holding period, However. at a dose of 100,000 rep. 
infection appeared 34-40 days after irradiation, and 
at 125.000 rep, infection developed 10-45 days after 
irradiation, and continued slow progress thereafter. 
Hence, the optimum range for oranges held at 41°F 
under the conditions of the experiment is about 
150,000. 300,000 rep. 

Predisposition to infection by facultative parasites 
ts influenced by radiation.—In the course of these 
experiments, P. italicum and P. digitatum were used 
and attempts were made to isolate sources of varia 
tion and maintain aseptic conditions so that these 
organisms would be favored over other parasitic 
organisms. Unlike a sterile culture medium, a fresh 
fruit that has undergone normal surface disinfection 
may nevertheless harbor facultative parasites that can 


establish a parasitic relation only when conditions are 
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Fic. 2. Lemons artificially inoculated with P. italicum 
and held at 75°F for 10 days after irradiation. Dosages, 
in rep (left to right) : top 200.000. 150.000, 125.000:  bot- 
tom 100,000, 50,000, 0 (control) 


unfavorable to the suscept, rendering it unusually 
susceptible. 

({s shown previously, gamma radiation may alter 
citrus fruit by causing rind breakdown and textural 
changes. Such alterations apparently predispose cit- 
rus fruit to infection by Alternaria citri Ell. & Pierce, 
the black rot fungus, although symptoms of radiation 
injury are not always obvious. 

Table 3 gives the results of isolations made from 
the stem end (button) of lemons irradiated and held 
4) days. Irradiated lemons that developed a rot are 
indicated. Alternaria citri was the predominant fun- 
gus, as determined from culture and inoculation stud- 
ies. This organism was responsible for rotting at the 
stem end of irradiated lemons that remained free of 
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Fic. 3. Time following irradiation before first appear- 
ince of blue mold (P. italicum) and radiation injury on 
irtificially inoculated navel oranges 
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blue and green mold. Although A. citri was present 
in unirradiated fruit, it did not ordinarily produce a 
rot. Results were essentially the same with oranges 
held at 75°F or at refrigerator temperatures and then 
removed to room temperatures 

The isolation of a species of Cladosporium follow- 
ing irradiation of lemons at doses that did not allow 
for survival of A. citri was of interest. Facultative 
parasites on lemons apparently respond differently to 
gamma radiation. No discernible rot was shown to 
be due to Cladosporium spp 

Inasmuch as lemons and oranges showed infection 
by A. citri following irradiation at doses that nor- 
mally eradicate other fungi, an attempt was made to 
correlate survival on a culture medium with survival 
as determined by rot on citrus fruits. Table 4 pre- 
sents such data for survival of A. citri on Tochinai’s 
medium. Dosages in the range of 468,000—500.000 
rep were sufficient for complete kill of 24-hour-old 
cultures of A. citri, but comparable experiments with 
P. digitatum and P. italicum grown on Tochinai’s 
medium showed the lethal ranges to be, respectively, 
120,000-163,000 and 157,000-161,000 rep. This prob- 
ably accounts for the appearance of rot caused by a 
surviving weak parasite after elevated irradiation 
doses. 

Discussion.—The experiments reported indicate 
that a delicate balance exists between the amount of 
gamma radiation that provides for extension of the 
shelf life of inoculated fruit and that which produces 
radiation injury. The actual mechanisms resulting in 
injury to plant tissue and inactivation or death of 
fungi are not well known, but the overlapping low 
levels of radiation causing injury to both indicate 
that mechanisms or modes of action are similar at 
the cellular level 

Fig. 1 and 3 demonstrate the varying responses of 
organisms and suscepts as a function of radiation 
dose, length of holding. and storage temperatures. 
Obviously, the optimal dose for extending storage life 
without deleterious effect is that point where both 
infection and injury are delayed for the longest 
period. This is shown in Fig. 1, where the injury and 


infection lines bisect. For the storage temperatures 
investigated with each commodity, the levels of radia. 
tion vary with the pathogen, latent period of infec. 
tion, and length of storage. 

The extensions of the holding or storage periods 
of the fruits, without concomitant injurious effect 
from radiation, appear to be the result of partial 
inactivation of spoilage organisms that is much like 
pasteurization, as opposed to sterilization. Partial 
inactivation was evidenced by in vitro tests with the 
organisms. On the other hand, the effect of radiation 
on the host cannot be overlooked and may have served 
to extend the latent period of incubation of the or. 
ganism by an adjustment in the host-parasite relation, 

The effects of radiation on the organism should not 
be considered solely for one phase of its growth, since 
different phases of growth of P. italicum, such as de- 
veloping mycelium and conidia, were shown to have 
different minimal levels for inactivation. Physiologi- 
cal and morphological differences between spore and 
mycelium may account for the different resistances of 
the structures. Besides the inherent features distin- 
guishing the effects of gamma radiation, there are 
such factors as the age of the colony and the influence 
of the suspending medium. Both of these factors re- 
ceived attention by Stapleton,” who used a bacterium, 
Escherichia coli, as the test organism. His investiga- 
tions demonstrated that an essentially complex, as 
opposed to a chemically defined, medium had a more 
protective effect, modifying bacterial sensitivity to 
radiation. Similarly, the phase of growth of a given 
culture, whether the logarithmic, in contrast to the 
lag or stationary, phase, may likewise influence the 
sensitivity of an organism. The results of our work 
agree in large measure with the work done with 
bacteria. 
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A STUDY 


IN CENTRAL 


C. WW. 


An 


OF FIELD SOURCES AND SPREAD OF FIVE VIRUSES OF PEPPERS 


FLORIDA! 


derson 


SUMMARY 


At least 540 plants representing about 150 species 
other than pepper were sampled as possible field 
sources of 5 pepper viruses. Seventy-nine of the 
samples yielded isolates of tobacco mosaic, tobacco 
etch, potato Y, aster ringspot, or cucumber mosaic 
viruses. Plants of certain species of Solanum and 
Physalis apparently are important sources of the 
etch and Y viruses. Linaria canadensis may be 
another important etch virus source. Plants of 
Lespedeza striata were suspected etch virus sources 
in 1 county. Certain Physalis spp. and Plantago vir- 
ginica were the important sources of ringspot virus. 
The 13 species from which cucumber mosaic virus 


was obtained included 3 new Florida sources. 
Although the isolates were almost equally distrib- 
uted among the 13 species, the results were com- 
patible with those of other recent studies suggesting 
that Commelina nudiflora, various perennial orna- 
mentals, and Vigna sinensis are the common pri- 
mary sources of cucumber mosaic virus in the area 
today. Tobacco mosaic virus was obtained from 
various species of Solanum and Physalis, but no 
evidence of spread from these weeds to peppers was 
obtained. Altogether, the 5 viruses were recovered 


from about 21 species of plants. 





To date, the only viruses known to infect pepper 


plants in the field in Florida are TMV (tobacco mo- 


saic), TEV (tobacco etch), PVY (potato Y), CM\ 
(cucumber mosaic), and ARSV_ (aster ringspot). 
Doolittle (5) discovered that plants of Commelina 


nudiflora L. were sources of CMV in the state. Well- 
man (14) and others found plants of many other spe- 
cies naturally with CMV, repeatedly 
listed C. nudiflora among the important Florida sources 
of CMV. Simons (8) found PVY an important south 
Florida indicated that plants of 
Solanum nigrum are important sources. Anderson and 
Corbett (4) that TE\ 
than the other viruses in central Florida, and reported 


infected and 


pepper virus and 


showed is more widespread 
recovering the 5 viruses from various weed species. 
The present study was undertaken to learn more about 
the sources and field spread of these viruses in central 
Florida. 

MATERIALS METHODS.—-Most of the 21] 
studied in 1956 were first observed in 1955. 
cases, peppers were grown both years in these or ad- 


fields 
In most 


AND 


jacent fields. The fields were located in the counties 
of Alachua, Sumter, Volusia. Seminole, Hardee, Hills- 
borough, and Manatee. 

The fields were usually visited monthly or bimonthly 
to map them and to obtain plant material that might 
Information recorded on the 


contain viruses. 


included locations at which plants of certain species 


maps 


were growing on particular dates, and locations at 
which virus disease was noted among pepper plants 
on particular dates. 

In the laboratory, attempts were made to identify 
The methods 
and both 
diluted and undiluted saps were used in the first in- 
The principal reactions by 


any viruses the plant samples contained. 
used were similar to those used earlier (4). 


oculation in most cases. 


means of which the viruses were identified are sum- 


‘Accepted for publication September 19, 1958. 
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marized in Table 1.- 


Resutts.—Ilsolates identified——Table 2 lists the 
results obtained with ell species from which pepper 


viruses were secured, with Lespedeza striata, and with 
various unlisted species. 

Symptoms.—Comparison of Table 3 (which lists the 
symptoms of naturally infected plants) with columns 
2-8 of Table 2 shows that, with certain species, pepper 
viruses were regularly secured from obviously diseased 
mottled) plants, but not from unmottled 


However, other plants were symptomless car- 


(usually 
plants. 
riers of the viruses in question and infected plants of 
still other species had symptoms so mild that field 
observation alone could not establish infection reliably. 
An example is Solanum nigrum: 13 S. nigrum samples 
yielded pepper virus isolates, but only 5 of the 13 
samples were obviously diseased. These 5 yielded 
2 TMV isolates and 1 each of ARSV, CMV, and PVY. 
The other 8 samples yielded 6 isolates of TEV and 2 
of PVY. nigrum is a 
symptomless carrier of TEV, and sometimes of PVY. 
In some cases (indicated by * in Table 3), healthy 
seedlings were manually inoculated with certain viruses 


These results suggest that S. 


in the greenhouse; and after a suitable period it was 
possible to transmit the virus from uninoculated parts 
of the inoculated plants to suitable indicator plants. 
3 lines of S. nigrum were 
symptomless carriers of TEV and that 2 of the 3 were 
also symptomless carriers of PVY. but PVY-infected 
plants of the third S. nigrum line were mottled. 


These tests proved that 


Whenever seedlings of any species were manually 
inoculated with any virus in the greenhouse, the plants 
eventually developed symptoms similar to those on 
naturally infected plants. Linaria canadensis, manually 


’M. K. Corbett obtained and identified some of the virus 
isolates secured from pepper plants in 1955, and 2 of the 
PVY isolates obtained from Solanum nigrum plants. E. 
West identified the various plant species. M. Y. Menzel 
helped identify the perennial species of Physalis. Additional 
information was supplied by growers, county agents, and 
the weather bureau. 











‘ 
; 
4 
’ 
a 
7 
. 


98 


Tasre 1.—Pris 


Indicator plant 


Datura stramoniur | 
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Virus and virus strain 


CM\* 


I m E X \ 0 
| m m R m m 
| m m R } 

| W m I \ M 


m m m if m m 


with in this study. W. W. Hare supplied a pepper isolate 
re isolate causes mottle, with little or no necrosis, on Tabasce 


Burley topacco plants. 
. “vellow pod” types ot 1 MV: es 
f CMV: P. cowpea isolates of CMV. 


isolates more or less typical 
necrotic lesions on 
mottle plus severe necrosis of inoculated 
large mild chlorotic 
yellow ring and oak- 
X\, symptoms variable but including mild chlorotic and 
symptoms variable but including 


ally symptomless systemic infection; QO, 


ind uninoculated leaves: Y, 


were planted in different parts of other fields in 1956, 
CM\ diffeult to transmit 
pepper to the plants (by sap 


and that was more from 
inoculation } 
than Some of the 


perennials are known to be sources of CMV in Florida 


indicator 
were most of the other viruses. 
but Melothria pendula, Salvia lyrata, and Scoparia 
dulcis are not. Although all 3 were found near several 
fields, there is no evidence that natural infection of any 
one of them is common; whereas Melothria pendula 
is known to be more often infected by the watermelon 
(melon) mosaic and squash mosaic viruses in Florida 


than by CMV. 
did not seem important CM\ 


Except for Vigna sinensis, the annuals 
The fact that 


soOuUTCeSs, 


several annuals (Geranium carolinianum, Solanum 
nigrum, and Physalis angulata) near many fields 
showed no CMV infection suggests that the more 
typical CMV strains were absent from most fields 


both years. The fact that the seed-borne (3) cowpea 


substrain was obtained from cowpea plants near 4 
fields indicates that this virus is relatively widespread. 
Although this substrain has not obtained from 
infected pepper Florida, W. W. 
Hare supplied leaves of field-infected pepper plants 
Phese CMY 


footnote a) to, but not 


been 
! 
naturally plants in 


Mississippi. leaves contained a 


trom 
strain (Table 1, that is similar 
identical with, the cowpea substrain (2). 


ARS\ 


Seminole 


fields of 
first showed in 


both vears in 3 of 4 
ARS\ 


ind plants of the inter- 


occurred 
ind Volusia counties 
the fields near the margins. 

grading forms of Physalts viscosa and P. elliottii or ot 
Plantago virginica or both grew near all such points. 
Vany viscosa or P. elliottii were 


plants of Physalis 


obviously diseased near some entry points, but all 
ippeared healthy near others Some observational 


evidence suggested that diseased plants of the Physalis 
spp. do not have symptoms throughout the year, and 
both these species and Plantago virginica appear im- 
ARS\ 
PV was secured 


portant sources, 


Although from 11 fields, various 
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Taste 2.—Species found naturally infected with viruses that infect pepper plants in the field in central Florida 


Number of plants 


ielding 
With visual Yieldin 


Natural host lested symptoms“ rM\ TE\ PVY ARSV CMV OTHER 
Selanum aculeatissimum Jacq. 12 6 ] ) 2 0 0 0 
S. nigrum # 65 5) 2 h } ] ] 0 
Physalis viscosa L.—P, elliottiti Kze. (7) 39 8 6 0 0 2 0 0 
P. ciliosa Rydb.-P. arenicola Kearney (7) 37 0 0 2 2 0 0 0 
P. angulata | 25 10 0 5 2 | 2 0 
P. pubescens & i l? 0 0 0 0 | 0 
Petunia hybrida Vilm. 5 j 0 0 9 l l 0 
Lycopersicon esculentum Mill. 2 2 0 0 ? 0 0 0 
Linaria canadensis (L.) Dum. 8 ze 0 2 0 0 0 0 
Cassia tora L. 12 1] 0 10 0 0 0 0 
ligna sinensis | Torner) Savi 5 } 0 0 0 0 } 0 
Lespedeza striata (Thunb.) H. & A. } } 0 0 0 0 0 0 
Commelina nudiflora L. 14 4 0 0 0 0 ] 0 
Gladiolus sp. 2 2 0 0 0 0 l 0 
Velothria pendula L. } 2 0 0 ) 0 2 0 
l inca rosea L, l ] 0 0 0 0 | 0 
Scoparia dulcis L. 14 ? 0 (0) 0) 0 | 0 
Salvia lyrata L. ) 2 0 0) 0) | l 0 
Stellaria media (L.) Vill. l ] 0 0 0 0 | 0 
Plantago virginica L. 10 4? 0 0 0) | 0 0 
Geranium carolinianum L, l | 0 0 0 0 | 0 
Calendula officinalis L. l l 0 0 0 l 0 0 
128 other species 194 0 0 0 0 0 0 j 
[he number of tested samples that had symptoms apparently caused by infection with one or another of the 5 pepper 
viruses. (Abnormalities apparently uncorrelated with infection by pepper viruses were present on some other plants 


of the listed species as well as on many plants of the 128 unlisted species). 

1 of 2 CMV isolates from P. angulata was not transmitted to all 5 indicator hosts; 1 of 2 CMV isolates from M. pendula 
was not transmitted to all 5 indicators; and 3 of 4 ARSV isolates from Plantago virginica plus 1 of 1 from Calendula 
ficinalis were not transmitted to all 5 indicators. Symptoms of these isolates on indicators that they did infect were 
haracteristic, and writer believes failures are reasonably attributable to factors such as inhibitors present in pepper sap, 
the dificulty of working with ARSV in summer, and the fairly frequent failure of ARSV to induce systemic infection on 
\icotiana spp. 

Many samples of these species were mottled, but failure to obtain virus from many samples makes impossible a cor- 


relation of field symptoms with virus. 


complications (greater prevalence of TEV in some’ known TEV sources found near the February entry 
fields: failure to replant peppers in 1956; etc.) pre- points. S. nigrum, and sometimes L. canadensis, also 
vented determination of PVY entry points with the vrew near most entry points in other counties (except 
certainty possible for TEV. Apparent spread from Alachua). Although plants of Physalis ciliosa, P. 
Solanum nigrum or from one or another of the inter-  arenicola, P. viscosa, P. elliottii, Solanum tuberosum. 
grading forms of Physalis ciliosa and P. arenicola, o1 and infected S. aculeatissimum were found near a few 
from both. was noted in some fields. Solanum nigrum _ fields, there was no instance of obvious apparent spread 
plants grew near all 11 fields; P. ciliosa and/or P. from any plant other than S. nigrum or L. canadensis 
rrenicola grew near 6; P. viscosa and/or P. elliotti in 5 counties in 1956 

near 4: Solanum tuberosum L. (potato) near 3; and Solanum nigrum and L. canadensis were also found 
PVY-infected S. aculeatissimum near | The virus near all Alachua County fields, but no case was noted 


was found in all 4 Manatee County fields. Although of obvious apparent spread of TEV from either plant 
plants of S. nigrum and of the P.-ciliosa-P.-arenicola — to pepper. TEV apparently spread from Physalis spp. 


group appear important PVY sources, and the ability P.-ciliosa-P.-arenicola) to peppers in 2-3 cases, but 
of S. aculeatissimum to maintain virus throughout the 6 entry points were not obviously associated with any 
year was proved, evidence was lacking that other known TEV source. Plants of Lespedeza striata grew 
species were sources from which PVY spread to pep- within about 6-30 feet of 7 entry points, and many 
pers, plants were mildly mottled. L. striata plants yielded 
The 14 fields from which TEV was secured included — no virus (Table 2). nor was L. striata found near fields 
all 5 Alachua County and all 4 Hillsborough County in other counties: but the consistent association of 
fields. but no Manatee County field. TEV appeared in’ mottled L. striata plants with TEV entry points in 
} Hillsborough County fields in early February, infect- Alachua County provides reason to suspect it as a 
ing even plants in the seedbeds. Elsewhere. the disease source of TEV.8 
on peppers appeared in April or May or (in Alachua Discussion.—Among the many factors rendering 
County) in May or June. In Hillsborough County, difficult an evaluation of the importance of various 
Solanum nigrum and Linaria canadensis were the only plant sources were the small percentage of field plants 
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f symptomless carrier hosts, 


sampled, the presence 
and the distances over which even nonpersistent aphid- 
borne viruses may be spread by vectors (9). Few fac- 
tors were known or readily measurable, so the evalua- 
tion was based primarily on the number of times a 
virus appeared to spread from a particular host to 
peppers. Repeated appearance of certain viruses along 
field borders near to obviously diseased or carriet 
hosts indicates that the method has some validity, but 
the possibility cannot be eliminated that undiscovered 
sources were present 

TEV was obtained from 6 weed species, and sus- 
pected in Lespedeza striata during this study. Previous 
workers proved that certain perennial Physalis spp. 
and Datura stramonium were TEV sources, and listed 
Solanum tuberosum (6. 11, 12), S. carolinense L. 
(13).4 and Indigofera hirsuta L. (4) as suspected 
sources. Only Lespedeza striata has not been proved 
susceptible to TE\ 
and Solanum are probably considered the important 
sources in other states Apparent TEV spread was 


noted only from Solanum nigrum, Physalis-ciliosa—P.- 


The perennial species of Physalis 


arenicola, and possibly Linaria canadensis and Lespe 
deza striata in this study in 1956; but the virus may 
have spread from Solanum aculeatissimum to ] seed- 
bed in 1955. Failure to obtain TEV from more S. 
nigrum plants may have resulted from inability to 
detect infected plants visually and from undetermined 
factors affecting concentration of virus and possibly of 
inhibitors. All 6 S. nigrum isolates were secured from 
plants growing within 6 feet of etch-infected pepper 
fields; TEV was recovered from manually inoculated 
plants on some occasions. although negative results 
were obtained from the same plants on others. What- 
ever the reasons why more isolates were not obtained. 
the number of isolates secured, plus the consistent 
association of S. nigrum with TEV entry points, in- 
dicates that S. nigrum is an important source 
Undiluted sap from Linaria canadensis never yielded 
TEV, but diluted sap proved infectious twice. Uncer- 
tainty about ability to detect infected plants visually. 
lack of knowledge about seed transmission, dilution 


In 1958. mottled Lespedeza striata was tound near an 
etch-infected field at Auburn, Alabama. No proved natural 
hosts of TEV were present uit Solanum carolinense was 
observed (see footnote 4) Recently, sap inoculation of 
L. striata, aphid recovery from “naturally infected” L. 
striata, and | “naturally infected L. striata scion grafted 
onto Indigofera hirsuta yielded negative results. The scion 
remained alive more than 30 days Although this suggests 
that L. striata was not the source, further studies are 
planned and will be reported if positive evidence is secured. 

‘Solanum carolinense was found near a TEV-infected 
tomato field in west Florida and near a TEV-infected pepper 
field in Alabama (see footnote 3), but never near the 
surveyed Florida pepper fields Sap inoculations from 
abnormal plants yielded no virus Attempts at sap and 


graft transmission from a second, definitely mottled Alabama 
source supplied by W. H. Greenleaf proved that no pepper 
virus was present, but that the plants were infected by a 


virus transmissible by graft and by sap inoculation from 
S. carolinense to 8S. carolinense Although this does not 
disprove the possibility that S arolinense 1s a source of 
TEV, it does show that not all mottled S. curolinense plants 


contain TEV or anv of the ot r 4 pepper viruses 


TABLE 3. Symptoms of 5 virus diseases on naturally in- 
fected plants 


Virus 

Natural host TMV TEV PVY ARSV CM\ 
Solanum aculeatissimum M* M M 
S. nigrum M ° 6 /M CF M 
Physalis angulata M M y M 
P. pu bescens ? 
P. viscosa —P. elliottii M z T Y* 
P. ciliosa—P. arenicola T T 
Petunia hybrida \l* \ M 
Lycopersicon esculentum M* 
Cassia tora N* 
Vigna sinensis L/M* 
Linaria canadensis D* 
Velothria pendula M 
J inca rosea M 
Scoparia dulcis ? 
Salvia lyrata Y M 
Stellaria media M 
Plantago virginica g* 
Geranium carolinianum M 
Commelina nudiflora M* 
Gladiolus sp. N 
Calendula officinalis N 

M mottle; N mottle and necrosis: Y yellow 


ring and oakleaf patterns; D distortion and mild mottle; 
i local necrotic lesions without systemic infection; 
g mild chlorotic or necrotic rings, mild mottle, and mild 
latent systemic infection; 7 questionable 


distortion; T 
symptoms (mild irregular chlorosis, stunt, or both) ; 
ors * symptoms observed in field and checked by writer 
by means of laboratory inoculation of healthy seedlings. 
"Symptoms as determined by laboratory inoculation of 
healthy seedlings; naturally infected plants not discovered 


during this study. 


evidence suggesting the presense of an inhibitor, and 
the late discovery of this source leave the importance 
of this species undetermined. 

Simons. Conover, and Walter (10) correlated the 
occurrence of PVY on peppers in south Florida with 
areas having potato-growing histories. Commercial 
potato fields were grown in Alachua and Hillsborough 
Spread of PVY 


from Solanum tuberosum to peppers was not noted, but 


counties; home plantings, in all 7. 


the virus was widely distributed and apparently spread 
from weeds to peppers on several occasions. PVY is 
established in weeds throughout central Florida. 
Following Doolittle’s (5) discovery that Commelina 
nudiflora was a source of CMV, Wellman (1934-1937) 
found a large number of natural hosts in the state and 
listed C. nudiflora, Phytolacca rigida Small. Physalis 
lagascae R. & S., P. angulata, Ambrosia artemistifolia 
L.. and Geranium carolinianum as important weed 
hosts. The ornamental Vinca rosea was considered an 


important source, but other “important” ornamentals 
and vegetable crops were mainly annuals which were 
evidently often infected. Later studies by various 
workers including the writer added more species to 
the list of known natural hosts in Florida; repeatedly 
emphasized the importance of Commelina nudiflora: 
and indicated that viruses apparently unrelated to 
CMV were present on C. nudiflora, Phytolacca rigida, 
and possibly A. artemisiifolia. This report confirmed 
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10 species known to be natural hosts in Florida, and 
added 3 to the list. Many of Wellman’s important 
weed hosts and many of the weed hosts from which 
CMV was obtained here were found near many of the 
fields. Several (Commelina nudiflora, Phytolacca 
rigida, Ambrosia artemisiifolia, Physalis angulata) 
were often mottled; yet CMV was most prevalent in 
the fields of the Seminole and Hardee county regions 
as it was in 1952. plus certain other fields near which 
infected perennial ornamentals or infected Vigna 
sinensis were found. The writer believes that the 
common primary sources of CMV in Florida today in- 
clude Commelina nudiflora, various perennial orna- 
mentals (mostly monocotyledonous bulbs and Vinca 
rosea), and Vigna sinensis. 

Although Solanum nigrum was found near every 
pepper field and both Plantago virginica and _indi- 
viduals of the intergrading Physalis-viscosa—P.-elliottii 
group were found near several fields outside the Semi- 
nole-Volusia county area, ARSV remained within that 
area. A recent (1958) visit to the ornamental nursery 
in Tampa (Hillsborough County) from which the type 
isolate of ARSV was secured disclosed visual evidence 
of the presence of S. nigrum and Plantago virginica 
and of the continued presence of ARSV. Physalis 
viscosa and P. elliottii were absent, and mottled 
{maryllis sp. yielded CMV. At the time, no correla- 
tion was evident between the distribution of weeds and 
that of ARSV; yet the grower’s statements indicate that 
infected annual ornamentals would be unable to main- 
tain ARSV all year. Discovery that both CMV and 
ARSV occur in the Tampa nursery as well as in Semi- 
nole County is interesting in view of other similarities; 
yet unreported additional immunological tests in 
various hosts disclosed no evidence of relationship. 
Another interesting point concerns the identity of 
Wellman’s Physalis lagascae, which was a weed in 
Seminole County. Menzel (personal communication } 
states that P. /agascae is apparently a central Amer- 
ican annual that does not occur in the United States. 
It belongs to the pubescentes (7) group. No P. 
lagascae was identified from Seminole County, but 
plants of the P.-viscosa—P.-elliottii group were more 
common than any other species of Physalis in the 
Seminole-Volusia area. 

TMV was found in every county except Sumter. It 
differed from TEV, PVY, and ARSV, particularly, in 
its failure to move from infected weeds to peppers: 
from all 4 viruses in its low incidence in annual weeds; 
and from ARSV and the more typical strains of CM\ 
in its widespread distribution. These differences are 
probably correlated with the fact that TMV rarely 
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spreads by means of insect vectors and that the sources 
from which it enters pepper fields are rarely infected 
weeds. 

Items needing further investigation include the abil- 
ity of ARSV to enter pepper fields about 2 months 
earlier than TEV in areas where both occur, and the 
prevalence of PVY in Manatee County in contrast with 
that of TEV in neighboring Hillsborough County. 
Solanum nigrum was common all year in both counties; 
Physalis ciliosa and P. elliottii were found near all 
Manatee fields; and early heavy stands of Linaria 
canadensis were found near the 3 Hillsborough fields 
that TEV entered early. The S. nigrum strains prev- 
alent in the 2 counties could conceivably be different. 

FLORIDA AGRICULTURAL EXPERIMENT STATION 

GAINESVILLE, FLORIDA 
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susceptible to line 904 at 28° constant, and re- 
sistant when grown at day-night temperatures of 
28-20°C. The susceptible inbred lines B14 and 156 
were susceptible at all temperatures investigated. 
Che inbred line Pop 35, with 2 recessive gene pairs 
conditioning rust resistance, showed strikingly dif- 
ferent rust reactions with the 4 lines of the patho- 
gen at the 4 temperatures. The data obtained dem- 
onstrate the importance of determining the range of 
stable phenotypic reaction of lines used as host 
differentials. The rust reactions illustrate the com- 
plex physiological and genetic expression of obli- 
gate parasitism. 
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the reaction, over a range of temperatures. of a specifi 
nbred line to several lines of P. sorghi differing in fac- 
tors conditioning pathogenicity. the influence of the 
pathogen in the interaction complex is evaluated. And, 
conversely, by determining the reaction of several 
inbred lines of corn, each of which has different fac- 
tors conditioning rust reaction to a specific line of the 
pathogen, the influence of the host is evaluated. Ideal- 
ly. the nearly isogenic corn lines of reconstituted B14, 
in which each gene pair conditioning rust reaction is 
ine orporated into the common background of B14 (8). 
should have been included in the present study: how- 
ever, these lines are not sufhciently homozygous. These 
interactions were further elucidated by selecting host 
and pathogen genotype combinations giving several 


types of reaction, i.e.. resistant, intermediate, meso- 
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Since diurnal temperatures fluctuate naturally. it ap- 
peared important to evaluate the reactions of the corn 
lines under alternating temperatures parallel with 
their reactions at constant temperatures. Data on the 
rust reaction of 8 inbred lines of corn, each inoculated 
with 1 or more uredial clonal lines of P. sorghi, are 
reported in the present paper. 

MATERIALS AND METHODS.—Eight inbred lines of 
corn, representing susceptible, intermediate, and_re- 
sistant reactions to specific lines of P. sorghi, were 
evaluated for rust reaction under the several tempera 
ture and light conditions. Descriptions are available 
(8. 9. 14. 15) of the inbred lines GG208R and B38. 
with single dominant alleles conditioning resistance 
to specific cultures of the pathogen; of Pop 35 and 
Pop 36, with, probably, 2 recessive factors at separate 
leci that condition resistance to 1 or more lines of the 
pathogen; and of B14. susceptible to all known cul 
tures. Inbreds of recent origin in the rust breeding 
program that showed some possibilities as differential 
lines were: 156 (Oh45& W92)-2-5-2, 161 (A392R61)- 
1-49-1-1. and 162 (Oh45& W92)-1-1-2. all supplied by 
Dr. A. L. Hooker. The reaction of the latter group to 
specific lines of the pathogen only was known. The 
uredial clones of P. sorghi—lines 1-20, 2-22, 925, 904. 
921. and 925s, used in the various experiments—had 
previously been tested for uniformity of behavior on 
the several hosts. Fresh urediospores produced under 
isolation were used for inoculum in the several experi- 
ments 

During early seedling development the inbred lines 
of corn were grown in pots of sandy-loam soil unde1 
uniform conditions at 24°C. At the third- to fourth 
leaf stage they were moved to the controlled-tempera 
ture greenhouses, inoculated 4 days later, and main- 
tained at temperatures of 16, 20. 24, and 28°C, or 
other temperatures as noted in specific experiments. 

In the study of low night temperature and high day 


temperature, infected plants were kept 8 hours at 2¢ 


*) 


and 24°C during the light period and shifted to 
and 16°C, respectively. for 16 hours. This regime was 
started 4 days before inoculation and continued for 15 
days after inoculation. when the rust was fully de 
veloped and the experiments completed, 

When natural light was supplemented by artificial 
light. 2 Mazda clear-glass 200-watt bulbs were sus 
pended 10 in. above the plants, each covering an area 
of 4x4 ft. The additional illumination was used 16 
hours, including the normal light period: therefore 
some photoperiod effect: was possible. However. the 
series growing under natural light in the same tem 
perature house, though some distance from the lights, 
was not shielded from the light, and therefore, was 
probably equally affected in photoperiodic responses 
by the Mazda illumination. In the vicinity of leaves in 
the series with supplemental light, temperatures were 
about 2°C higher than the corresponding greenhouse 
temperature. 

Detailed notes on rust development were recorded 
during the progress of each experiment. These in- 
cluded incubation period, uredial reaction type, chloro- 
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sis. necrosis, estimated quantity and duration of uredio- 
spore production, color of spores, and general rust 
reaction. The detailed data obtained for each factor 
were converted to numbers and evaluated by analysis 
of variance and correlation. A split-plot design for host 
and pathogen was used under the several environments 
compared. 

Resuits.—The influence of temperature on rust re 
action. Temperature influenced the incubation period 
of the corn rust. The mean incubation periods for the 
! temperatures in ascending order were: 9.2, 7.1, 6.0, 
and 5.3 days. Differences in incubation period between 
inbred lines of corn were significant only at 16°C, 
Differences in incubation period between lines of the 
pathogen were not significant. The incubation periods 
for the 2 alternating high day and low night tempera 
ture combinations, 24-16° and 28-20°C, were 7.5 and 
6.0 days. respectively, slightly under the average in- 
cubation period for the 2 corresponding constant- 
temperature experiments. 

The effect of temperature on rust reaction was influ 
enced by both the host and pathogen genotypes in- 
volved in the interaction (Table 1] However, some 
inbred lines of corn were more stable in reaction unde 
the conditions investigated than others. In general 
the host-pathogen combinations inciting the inter- 
mediate type of rust reaction showed more response to 
temperature than did those giving the resistant or 
susceptible reactions. 

The more stable inbred lines—-GG208R, resistant: 
and B14, susceptible—have been used as differentials 
and in the study of rust inheritance. Temperature in- 
fluenced the rust reaction of GG208R slightly at 28°C, 
with line 921 indicated as R in Table 1. Small 
uredia developed. bearing spores for a short period 
ind followed by necrosis. Necrotie flecks averaging 
} mm in diameter were incited in the other compari- 
sons of temperatures with both lines of the pathogen. 
\ similar reaction was incited by line 921 on GG208R 


DABLE ] Rea tion of six inbred lines of corn to se veral 
; — 
lines of Puccinia sorghi at different temperatures 


u nde r natural light 


Host pathogen 
combination 


Inbred P. sorghi Rust reaction at 
corn culture 28°C 24°" 20° 16°C 
GG208R 1-20 R R R- t+ 
GG208R 921 R R- g R-+ 
Pop 35 1-20 R R S+4 S-+ 
Pop 35 921 Ss S4 S N 
Pop 35 925s R S+4 Ss t+ 
Pop 35 904 R RX RX {4 
B38 904 S4 R- R- R+- 
161 904 S ~ S4 S44 
16] 92] S4 S-4 S+ t 
156 925s Ss s+ s ~ 
B14 2-22 S-+ S-+ S-+ S-+ 

*R- highly resistant (0: uredial reaction), R 
resistant (1), R— moderately resistant, RX meso- 
thetic reaction (0; to 2 with chlorosis), S moderately 
susceptible (2-3), S susceptible (3) and S-4 highly 


susceptible (4). 
ar 
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in the experiments on the influence of temperature and 


light on rust development (Table 4). The supple 
mental light increased sporulation and duration of 
spore production slightly at 28°¢ Inbred B14, sus 
ceptible to all known cultures of the pathogen, was 


uniformly susceptible over the range of temperatures 
investigated. B14. a late-maturing. relatively high- 
temperature line, developed best at the high tempera- 
ture, and it showed slow growth and virescent new 
leaf development at 16°C. Rust development on this 
host at 16° was correspondingly slow although uredial 
size and spore production were finally the same as at 
the higher temperatures. Inbred line 156 also was 
susceptible at all 4 temperatures and under the condi- 


(Tables l and te 


Inbred line B38. which has been used as a differen- 


tions of alternating temperatures 


tial at temperatures of 24° and below and which was 


known previously to give a susce ptible reaction at high 


temperatures, was shown to be completely susceptible 
to line 904 at 28°C and resistant at 24° and below. 
The change In reaction resistant at 24 and sus epti 


ble at 28°¢ of this host ge notype to several lines of 
the pathogen suggests excellent material for the study 
of the physiology of parasitism and the nature of re 
sistance. This corn line, also relatively late in maturi 
ty, showed the best seedling development at the high 
temperatures, including 28° ¢ 

The inbreds Pop 35 and Pop 36. in which resistance 
is apparently inherited in a recessive difactorial basis 
(8, 9), showed a marked difference in rust response to 
temperature when infected with several lines of the 
pathogen. Both Pop 35 and Pop 36 are inbreds from 
popcorn that have been subjected to inbreeding and 
selection for many generations. The reaction of Pop 
35 (Table 1) to the 4 lines of the pathogen suggested 
an expression of resistance at the high and the low 
temperatures, with a general tendency for suppression 
of the resistant reaction at the intermediate tempera- 
tures (Table 1). At 24 and 20°C the characteristically 
high resistance of Pop 35 to line 904 was modified to a 
mesothetic reaction 

The older plants of Pop 35 and Pop 36 again showed 
the resistant reaction at the low temperatures when 
inoculated with the re-selected urediospore line 925s 
of the pathogen (Table 3) The expression of re 
sistance over a wider ten perature range in the older 


plants was apparently due to the effect of maturity, for 
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The interaction of the host inbred line 161 at 16°¢ 
to the P. sorghi lines 904 and 921 represented the two 
extremes—respectively, susceptible and __ resistant 
(Table 1). This contrasting reaction of 161 at the 
low temperature with susceptibility, a common reac. 
tion for both lines of the pathogen at the other tem. 
peratures, again offers unusual material for further 
study if this reaction can be stabilized in subsequent 
generations of the inbred line. Relatively little infor. 
mation has been obtained on the behavior of this line. 
for it has been inbred and tested during 4 genera- 
tions only. An attempt is being made to stabilize this 
low-temperature reaction, especially for study of the 
nature of resistance and the physiology of parasitism. 

The influence of low night temperature and high 
day temperature on rust development was investigated 
with 4 inbred lines of the host and 3 lines of the patho- 
gen. Summary data on rust reaction at the 4 constant 
temperatures and the 2 alternating are given in Table 
) 


2. These preliminary experiments demonstrated the 
apparently major influence on rust reaction of the 
temperature during the dark period. Inbred line Pop 


35 was resistant to line 921 at 16° constant. and at 
24° day and 16° night, and susceptible at all other 
temperatures. Again, at 28 
ble to line 904; in contrast, the resistance was ex- 


pressed at 28° day and 20° night temperature. More 


inbred 38 was suscepti- 


detailed experiments are essential to confirm § these 
results; however, near the critical temperatures the 
lower night temperature appears effective in con- 
trolling the reaction. 

The effect of temperature on the expression of “ma- 
ture plant resistance” (4, 5. 20) was investigated in a 
very preliminary manner. Four inbred lines of corn 
that showed the general increase in resistance with in- 
creasing age were inoculated with line 925s, and rust 
reaction studied at the 4 temperatures (Table 3). All 
| hosts were resistant to line 925s at 16°C. Corn lines 
157 and 158 were susceptible at the higher tempera- 
tures. The older plants of Pop 35 were resistant at 
the 3 lower temperatures, and moderately susceptible 
at 28°C. The seedling reaction of Pop 35 to this line 
of the pathogen (Table 1) was: resistant at 16°, sus- 
ceptible at 20° and 24°, and moderately resistant at 
28°C. In this host line at least, resistance was ex- 
pressed over a wider range of temperatures in the 
older plants than in the seedlings. Pop 36 showed the 


both lines showed some mature plant resistance same tendency, although it was not studied in detail 
Paste 2.—Reaction of four inbre ines of corn to one or more lines of Puccinia sorghi at constant and at alternating high 


day and low night temperatures under natural light 


Host-pathogen combination 


P sorghi 


Rust reaction at 


Inbred corn culture 28° 24°( 1° 16°¢ 28-20°¢ 24-16°C 
156 92] S s s RX > mn 
Pop 35 92] S4 S4 RX R-4 RX R- 
Pop 35 1-20 R R me + s+ > 
161 OO4 S _ Su Su s Q4 
B38 9O4 ‘ R R R-+ R-4 R- 
* R44 highly resistant (0 redial reaction), R resistant (1), R— moderately resistant, RX mesothetic re- 
action (0; to 2 with chlorosis), S moderately susceptible (2—3), 5S susceptible (3) and 5+ highly susceptible 


(4). 
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fapte 3.—Reaction of older plants (8th-leaj stage) of four 
inbred lines of corn to line 925s of Puccinia sorghi 
at different temperatures under natural light 


Rust reaction at 
Inbred corn line 28°C 24°C 20°C 16°C 
157 $* RX RX R-+ 
158 s+ S+ s+ R- 
Pop 35 RX R-+ R-+ R-4 
Pop 36 S4 S R- R- 
R+ highly resistant (0; uredial reaction), R re- 
.jstant (1), R— moderately resistant, RX — mesothetic 


moderately 
S+ highly 


sus- 


2 with chlorosis), S— 


(3) 


(UO; to 
‘ao. = 


reaction 
eptible 
suse eptible (4). 


susceptible and 


over the full range of temperatures in the seedling 
stage. 

The influence of light on 
vestigations on the 
development were conducted at Madison, Wisconsin, 


The in- 
rust 


rust reaction. 


relation of temperature to 
during the winter since accurate temperature control 
in the greenhouses was possible only during this sea- 
wn. The short period of day light and the low light 
intensity were both important factors known to affect 
the physiology of the host plant. especially during the 
latter stages of seedling growth or after the endosperm 
reserves were exhausted (1, 3, 6, 16). Therefore, pre- 
liminary experiments were conducted with seedlings of 
2 inbred lines of corn to evaluate the influence of sup- 
The 


summarized data, expressed as uredial reaction types. 


plementary light on the temperature response. 


are given in Table 4. 
Around the infection sites in the resistant and inter- 


mediate rust reactions, chlorosis was increased and 
persisted longer under natural light than under sup- 
plemented light. In contrast in the same locations. 


necrosis developed more rapidly under supplemented 
light than under natural light. The quantity of uredio- 
spores produced was greater under the supplemented 
than natural light. Spore production was not corre- 
lated with the slight decrease in uredial reaction type 
iTable 4) the supplemented light 
with the natural. The only major change in reaction 
type was observed in the inbred line Pop 35 inoculated 
which the resistant 


under compared 


with line 925s, in reaction at 24 
and 20°C 
mented light over that under natural light. 


reaction was suggested for this inbred line inoculated 


under supple- 
\ similar 


was increased significantly 


Tasie 4, 
natural and supplemental light 


Host-pathogen combination 


Inbred corn P. sorghi culture Light condition 28° 
Natural > tn 
GG 208R 921 Supplement 24 
Natural xX 
Pop 35 92] Supplement 1+ 
Natural 2 
Pop 35 1-20 Supplement 2 
Natural l 
Pop 35 925 Supplement 0; and 


Uredial reaction type—0; to 4, 


~ 
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with line 1-20, although the change in reaction type 
was significant only at 24°C. 

\s stated under methods, the temperature was about 
2°C higher under the supplemented light than the 
corresponding series under natural light. The varia- 
tions recorded in Table 4, 
associated primarily with light. 

Discussion.—Investigations on rust reaction involve 
the complex physiology of obligate parasitism (1). 
The phenotypic expression of rust reaction is deter- 
mined by the interaction of the host and pathogen 
factors of environment. In 


however, appeared to be 


genotypes to the limiting 
the present study, temperature and light conditions 
are the principal environmental variable, and 3 pheno- 
as expressed by fleck, uredial 
are determined for the 


typic rust interactions 
pustule size, and mesothetic X 
several combinations of host and pathogen genotypes. 
The study of the reaction of a single inbred line of the 
host to several stable lines of the pathogen that condi- 
tion varying degrees of pathogenicity. and. conversely, 
the study of the reaction of several host lines to a 
single line of the pathogen, add precision to the inter- 
pretation of obligate parasitism. The 
comparative quantitative physiological and biochemi- 
with host reaction to 


reactions in 
cal determinations associated 
several lines of the pathogen are confined to a common 
host genotype under a controlled and reproducible 
environment. The quantitative evaluation of the patho- 
genicity potential of the fungus line is compared for 
several under a controlled environment. And 
finally, through the selection of specific reactions be- 
tween host and pathogen under a known environ- 


hosts 


ment, the study of the nature of resistance is made 
possible. 

While the initial objective of the present study was 
the evaluation of inbred lines of corn for use as differ- 
ential hosts, the interaction of host and pathogen com- 
binations under contrasting temperatures suggests ma- 
terials and methods for the physiological and bio- 
chemical investigation of obligate parasitism and the 
nature of resistance. Several reactions of this nature 
are illustrated by the data presented. 

The data presented on the influence of temperature 
on rust reaction in corn illustrate the complexity of the 
interactions in obligate parasitism. The results 
gest possible methods and materials for further investi- 


stig- 


gation. The use of this type of experimental approach 
on host and pathogen genotypes of known interaction, 


Reaction of two inbred lines of corn to one or more lines of Puccinia sorghi at different temperatures and under 


Rust uredial reaction at 


24°C 20 °¢ 16°C: 

0: 0: 0: 

0: 0: 0: 

0: 0: 0: 

0: 0: . 

2 3-4 5-4 

l— ; 

3-4 > 0): 
0: and l- l 


with increasing susceptibility, X mesothetic, 
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ISOLATION AND CHARACTERIZATION 


OF A BACTERIOPHAGE FOR 


CORYNEBACTERIUM FLACCUMFACIENS ! 


Z. KLEMENT AND B. Lovas 


stUMMARY 


From heavily infected seed material, specific 
phages were isolated for 2 important pathogenic 


organisms, Corynebacterium flaccumfaciens and 
Yanthomonas phaseoli var. fuscans. The phage for 
C. flaccumfaciens is characterized by the following 
properties: on agar plates after incubation for 12 
hrs. it forms plaques about 2 mm in diameter. 
Studies on phage activity indicated that. in addi- 
tion to C, flaccumfaciens, C. poinsettiae is suscepti- 
ble to the phage. 
killed in 1 hour. 


At 65°C the phage particles were 
In 25 minutes, 79% of the phage 


lasted 80 
The aver- 


absorbed. The incubation period 
the lysis took 80-120 minutes. 


The phage of C. flaccum- 


was 
minutes; 
age burst size was 46. 
faciens belongs to the group of sperm-like phages. 
The head is spherical and 76 me in diameter; the 
tail is 240 mz long and 30 mz thick. 
microscopic pictures showing lysis, spherical bodies 
Some of the 
particles 


In all electron 


of 20 mew were seen in high numbers. 
preparations flattened phage 
71 mz in size and of less density. 


contained 





Bacterial diseases of beans are widespread over the 
world. Pseudomonas phaseolicola (Burkholder) Dow- 
(E. F. Smith) 
(Hedges) 


and Xanthomonas phaseoli var. fuscans ( Burkholder) 


son, Manthomonas phaseoli Dowson. 


Corynebacterium flaccumfaciens Dowson. 


Starr & Burkholder are the species responsible for the 
The difficulties in rec- 


most serious economic losses. 


ognizing and identifying bean diseases are first met 


during the phytosanitary inspection of seeds. Since 
the diseases are seed-borne. recognition of seed in- 
fection is of the utmost importance. It is. however. 


dificult 


(especially on mottled beans) the alterations indicat 


highly often even impossible—to 
ing infection (18) since the external svmptoms of the 
Espe 
cially in mild infections is it impossible to detect exter- 
the 


Further, the symptoms evoked 


disease are masked by the mottle of the beans. 


white bean varieties. 


nally. even on presence of 


bacterial diseases 


by the four pathogenic organisms are so similar. even 
on the green plant. that recognition and identification 
of the diseases require tiresome laboratory work. 


often taking several weeks. A more simple and rapid 


method, suitable for practical application. is net avail- 


able at present. 
Katznelson. Sutton. and Bailey (4. 5. 14) tried to 
overcome these difficulties by using the biological 


properties of bacteriophages for demonstrating infec- 
Of the four 
1952. the 
and X, 


they developed a 


tion and isolating the different pathogens. 


mentioned above. they isolated. in 


for F. 


Using these two phages. 


bacteria 


specific bacteriophages phaseolicola 
phase oli. 
method of rapidly demonstrating seed infection. the 
and the 


method 


species of the pathogenic bacterium involved. 
The the 


the seed sample to be 


degree of infection. main steps of 


are as follows: examined is 
ground, and the product is placed in nutrient broth 
and inoculated bacteriophage suspension of 
the 


bacterium. 


with a 
seed is 
phage-susceptible the 
the the 


amount of phage is increased several hundred times 


known concentration and specificity. If 
infected the 
results in 


with 


inoculation lvsis of bacteria. and 


Accepted for publication September 23, 1958. 


recognize 


10% 


The phage multiplication is recorded by plaque counts. 
By this method, reliable results are obtained in 24-48 
hours, and thus, work previously requiring several 
weeks (and often of doubtful value) has been reduced 


considerably. 


To adapt the method of Katznelson and Sutton to 
detecting all the important bacterial diseases of beans, 


we also had to isolate the phages specific for C. 
flaccumfaciens and X. phaseoli var. fuscans. As re- 
ported in a previous paper (7), the specific bacterio- 
phages for C. flaccumfaciens and X. phaseoli var. 


fuscans were first isolated by one of us, in 1956. Fur- 
ther studies on the isolation, biology, and morphology 
of the for 
(hereafter FI.P,) are reported in this paper. 

pHAGE.—The FIP, phage was 
infected with C, 
faciens. The beans were ground and suspended 1:10 
in nutrient broth. The broth with 
voung cells of C. flaccumfaciens so that the phage par- 
ticles to be find 
young cells in division, in which they can multiply 


phage Corynebacterium flaccumfaciens 


ISOLATION OF THE 


isolated from beans heavily flaccum- 


was inoculated 


isolated would immediately some 


rapidly. After 48 hours of incubation the mixture was 
centrifuged at 3000 rpm and filtered through a 
bacterium filter. After 2 or 3 passages the filtrate, 
together with the indicator bacterium (C. flaccum- 


faciens). was plated on agar plates. This was done 


by pouring 20 ml of 2% nutrient broth agar as a basal 


medium in Petri dishes. Then 1 ml diluted phage- 


filtrate. the indicator bacterium, and 3 ml of 1% 
nutrient agar mixture. cooled to 50°C. were layered 
over the basal nutrient agar. When the filtrate con- 


tained phage particles, easily perceptible plaques ap- 
peared after 24 hours in the upper agar-layer, the 
final concentration of which was 0.750. These were 
picked, 


broth, until typical homogeneous plaques were obtained. 
Within 12 hours at 28-30°C 


separated. and passed further in nutrient 


the phage FI.P, pro- 


duced circular, clear-cut plaques about 2 mm _ in 
diameter (Fig. 4): after 48 hours the plaques en- 
larged somewhat and their margins became sur- 


rounded by transparent, pale rings. 
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O f 2 ) - 5 6 HOURS 
Fig. 1. Examination of it sensitivity of phage for 
Corynebacterium fla mia 
B Pha t I} tivit 
MOLOGICAL STUDIES lage activity iw activity 
of the new ph ige was tested tor strains of the 


homologous C. flaccumtactens originating trom differ- 


ent places, further for members of the Corvnebae 


terium genus, and finally for other bean pathogens as 
well (Table 1). 

Of 25 C. flaccumfaciens strains isolated from differ 
ent regions of Hungary, 23 proved susceptible and 2 
resistant to the new phage These two strains (f 
1194. E 1209) are still to be tested for lysogenicity. 
Twenty strains of all the available ten phytopathogent 
Corynebacterium species were also examined. These 
strains were kindly supplied by the National Colle 
tion of Plant Pathogenic Bacteria, England. Among 
them. in addition to ¢ ft imfactens, poinsettiae 
also proved susceptible All species of the bean 
pathogenic bacteria belonging to other genera were 


likewise resistant 


Tasie | {ctivity of FIP r strains of the homolo 


bean pathoge ns 


Orga | 
| C. flaccumftas 
2-23 22 strains of C. fl faciens 
24 C. flaccumfaciens 
25 (. flaccumta 
26 ( betae 
27 ( betae 
rs (. betas 
29 (), betae 
0 ( betae 
+] ( fascia 
4 ( fascians 
5} ( insidiost 
4 ( insidiosum 
} ( michiganense 
6 (. michiganer 
s7 (. michiganer 
8 ( poinsettiar 
9 C. rathavi 
Ww ( sepedor 
1] { sepedon 
12 ( sepedonicu 
LS { sepedon 
4 ( triticl 
by Pseudomonas pha 
16 Xanthomonas phaseo 


h Xanthomonas phas 
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\ctivity tests have shown that the FLP, phage is a 
specihe one. 

Heat sensitivity —The behavior of the phage FLP, 
was similar to that of other known phages (Fig. 1). 
Che technique used in the heat-sensitivity tests was to 
place the test tubes. each containing 5 ml of phage 
suspension (10%/ml). in water-baths of different tem. 
peratures. Samples were taken from these at l-hour 
intervals, and plaque counts made on agar plates after 
various dilutions. The titer value did not decrease 
during 6 hours at 50°C, but at 55°C it decreased from 
10" to 10°. No phage particles could be demonstrated 
at 60°C after 3 hours, and at 65°C after 1 hour. 

{dsorption capacity.—The rate of the adsorption 
capacity is a very distinct property of each phage. 
The adsorption rate is a function of the adsorption 
time and the phage-bacterium ratio. 

To determine the optimal time of adsorption, 1x10? 
phage particles and 2010" bacterium cells were 
brought together in nutrient broth. The experiment 
was carried out in shaken cultures. At given intervals, 
uniform quantities were taken out of the phage-bae- 
terium mixture, the bacteria were removed by cen- 
trifugation, together with the phages adsorbed by 
them. and the number of the free phage-particles in 
the supernatant was determined by the plaque count 
method. The results are shown by the curve in Fig. 2. 
[wenty-five minutes were established as optimal ad- 
sorption time. In comparison with the optimal adsorp- 
tion times of the phages for non-phytopathogenic bac- 
teria. which are 2-15 minutes, the time determined 
by us (25 minutes) may be considered rather long. 

For determining the phage-bacterium ratio that 
gives the best adsorption results. the optimal adsorp- 


, 


mus € Hac iumtaciens and Corynebacterium spp and other 


Strain Origin Lysis with FLP 
£629 Hungary 
Hungary 
E1194 Hungary 
E1209 Hungary 
64 England 
372 England — 
$73 England 
iT 4 England 
75 England 
156 England 
188 England 
,08 U.S.A. 
85 Canada 
582 England — 
170 Kenya —_ 
254 Australia —_ 
177 U.S.A. 
80 England — 
134 U.S.A. - 
299 Canada 
78 Sweden 
9 Sweden 
255 Egypt = 


Cermany — 
Germany 
E736 Hungary - 
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Taste 2..-Optimal phage-bacterium ratio 


Phage :bacterium Input ratio * Absorption in 25 min, 


1:1 1.0 13% 
1:2 0.5 17% 
1:5 0.2 35% 
1:10 0.1 36% 
1:20 0.05 71% 
1:30 0.033 51% 


number of phage-particles 


Input ratio . 
number of bacterium cells 


tion time of 25 minutes was used. The results are 
presented in Table 2. 

The highest adsorption (71°) was obtained by 
using a 1:20 phage-bacterium ratio. 

One-step growth.—The experiments were carried 
out according to the method of Delbriick and Luria 
(3). Phage-particles, 1<10°/ml, and bacterium cells, 
20x 10°/ml, were held at 30°C in shaken culture. 
The results of a one-step growth experiment are illus- 
trated in Fig. 3. In this particular experiment, 79% 
of the phages were adsorbed in 25 minutes. In the 
experiments, repeated several times, the lysis—the 
respective bursts of new phage particles—took place 
120 minutes after an incubation period of 80 minutes. 
Average burst size was 46 per bacterium. The phage 
investigated is characterized by the long incubation 
period and lysis time. further by the relatively low 
phage production. Similar properties were shown by 
the phages of phytopathogenic bacteria characterized 
so far. in contrast to phages for bacteria in the human 
and animal organisms. 

MORPHOLOGICAL EXAMINATIONS.-To establish the 
form and size of the phage. electron microscopic ex- 
aminations were carried out. 

The majority of the preparations were produced 
from broth-agar plates coated with collodion mem- 
brane (K-plates) since, in our previous work (8, 9). 
we noticed. in agreement with results of others (6). 
that. in the phage preparation. particularly good use 
can be made of this procedure. The membrane was 


ADSORPTION TIME OF PHAGE FOR 
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ONE STEP GROWTH CURVE OF PHAGE FOR 
CORYNEBACTERIUM FLACCUMFACIENS 


MULTIPLICITY 005 
40 | ADSORPTION TIME: 25 
ADSORPTION 79% 
30 | LATENT PERIOD 80 
AVERAGE BURST 
204 S/ZE 







: 66 





10 


RELATIVE PHAGE NUMBER 











120 140 160 MIN. 


20 40 60 80 100 


Fig. 3. One step growth curve of phage for Corynebac- 
terium flaccumfaciens. 


prepared from collodion dissolved in 0.2% amyl 
acetate, according to the method of Kellenberger (6). 
The phage-bacterium mixture, i.e.. respective samples 
taken at various intervals, was brought about by pul- 
verization (8) on the K-plates. The adsorption figures 
were made from the plaques by the replication process. 

Part of the preparations were fixed by means of 
osmium and examined without shadowing: another 
part was shadowed by palladium after fixing with 
formaldehyde. The examinations were carried out by 
the aid of a TTC electron microscope at 40 kV ac- 
celerating voltage. 

The electron photomicrographs showing the adsorp- 
tion stages of the phage sometimes revealed the ad- 
sorption of a large number of phages visible on the 
surface of each bacterium (Fig. 6, 7). In most cases 
they reached, or even greatly surpassed, 100. Many 
times the particles were located close to each other 
in 2 rows on the polar parts of the bacteria. 

The bacteria and microcolonies (Fig. 8), originally 
possessing intact contours and showing no particular 
inner structure, underwent strong morphological 
changes during reconstruction of the phage. The bac- 
teria became swollen with a granular. frothy structure 
appearing in their inside. Correspondingly, a loose, 
disintegrating structure was exhibited by the micro- 
colonies too (Fig. 9). Since the microcolonies are 
centrifugally enlarged by the intact bacteria, the in- 
dividuals (incapable of fission, because of the phage 
infection) remain in the center of the colony pro- 
duced by several bacteria, and undergo the above- 
mentioned change, terminating in lysis. This accounts 
for the loosening of the central part of the colony. 
The photograph may be considered as a microplaque 
in the course of formation. 

In the lytic different 
If the preparations are taken from cultures 


phase a_ greatly picture 


emerges. 
in the stage of one-step growth, we may still find lots 
of bacteria showing no alterations. However, in the 
same preparation, there are already many spots where, 
in place of entirely disintegrated bacteria, a large 
number of phages may be seen embedded in amor- 
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KLEMENT AND LOVAS: A BACTERIOPHAGE FOR CORYNEBACTERIUM FLACCUMFACIENS lll 





Fig. 10-11. 10) Incomplete phage particles, so-called 
doughnuts (f). Shadowed preparation. (24,000). 11) 


phous bacterial substances without any structure and 
cell remnants (Fig. 5, 11). 

Using a higher magnification, the new phage seems 
to belong to the group of sperm-like phages (Fig. 5). 
The head of the phage (measured in shadowed prepa- 
ration) is spherical, 76 mez in diameter, and the tail 
is 240 mz long and 30 mz thick. The phage particles 
do not show any regular arrangement. 

Many of the phage particles, however, do not have 
a tail part at all. Since no mechanical injury could 
damage the preparation during the technical proce- 
dures. we must come to the conclusion that not every 
particle in the process of reconstruction reaches a full 
and complete maturing. The lysis visible in Fig. 10 
supplies incontestable morphological evidence of this. 
At the place of the lysed bacteria can be seen some 
flattened, very homogeneous, disk-shaped, incomplete 
structures, somewhat smaller (70 mz) than the com- 
plete phage particles. with the electrons less dispers- 
ing. They are without any tail formation. 


, 
Fig. 4-9. 4) Plaques of 48 hours produced by the phage 


for Corynebacterium flaccumfaciens, 1:1. 5) Only a part 
of the particles liberated as a result of the lysis are com 
plete sperm-like phages (f):; the remainder of them are 
phage-heads without tails (ff). Shadowed preparation. 
(17,000). 6-7) Phage adsorption on the surface of a 
plaque of 24 hours. ©) Preparation fixed with osmium, 
without shadowing. (33,000). 7) Preparation fixed with 
formalin, shadowed with palladium. (31,000«). 8) 
Microcolony produced by uninfected bacteria, obtained by 
pulverization on K-plates. Preparation without shadowing. 
(8.300%). 9) Microplaque produced by infected bacteria. 
obtained by pulverization on K-plates. Preparation with 
out shadowing. (8.300). 





Near the disintegrated bacterium phage particles (f), a 
great number of particles, “lysom-bodies” of 20 my (ff), 
may be seen. Preparation with shadowing. (24,000). 


Finally, we have to mention as lysis products the 
spherical uniform particles of very definite character, 
20 mz in size, that may be seen in very large amounts 
among the disintegrated bacteria. Similar products 
have been described in the case of other bacteria 
too. Hercik and Hracedna, and Raettig (11, 12) 
dealt most thoroughly with them (Fig. 11). 

Discussion.—Bacteriophage research is a new trend 
in phytopathology. In addition to its roles in identify- 
ing bacteria and in virus biological investigations, a 
new field has been opened for practical application of 
some of its aspects. Experimental work of this nature 
has already resulted in the isolation of several new 
bacteriophages. In Hungary the isolation of several 
new phages was likewise successfully achieved, and 
this, by the aid of the method of Katznelson and Sut- 
ton, facilitates a simple and more rapid phytosanitary 
inspection of seeds or other materials. 

Because of its importance, phage research should 
grow into a new field of plant pathology. Since more 
and more new phages are described. recently isolated 
ones will have to be characterized most exactly. Apart 
from taxonomical requirements, this is also imperative 
because, according to the latest investigations of Waki- 
moto (15, 16, 17), the “one-step growth” opens other 
possibilities, e.g.. for quantitative determination of soil 
contaminations. Among the phages so far described 
for 23 phytopathogenic bacteria (13), only 5 have 
been characterized in detail (2, 5, 10. 16). and even 
these rather incompletely. To avoid in the future the 
mistakes made earlier as to the exact description of 
bacteria, it would seem necessary to establish the 
bielogical and morphological tests that will enable 
characterization of the phages for each phytopatho- 
genic bacterium. The characterization should include 
biological and morphological examinations as de- 
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The following officers were elected at the business 
meeting, June 19: President, J. B. KENbRICK, Sr.; 


The Pacific Division of the American Phytopathologi- 


cal Society held its 40th annual meeting in conjunc- 


tion with the 39th annual meeting of the Pacific Divi- Vice-President, K. F. Baker; Councilor for the Divi- 
sion of the American Association for the Advancement sion, J. A. MILBRATH. 
of Science, June 18 and 19. at Utah State University, W. A. Kreutzer. Secretary-Treasurer 


Logan, Utah. 


ABSTRACTS OF PAPERS PRESENTED AT THE MEETING 


Effectiveness of GS! new antibioti Ark, Peter A., 9 cubensis were prevented from germination by 0.5 ppm, but 
J. Dekker, AnD James P. THompson, When tested in 100 ppm was required to obtain complete freedom from 
agar media, GS1 antibiotic (Chas. Pfizer and Co.) showed — the diseases on their respective hosts. Cucumber scab and 
a high degree of activity against plant pathogenic bacteria brown rot of apricots were controlled by 50 and 100 ppm, 
and fungi in as low a concentration as 0.1 ppm. Action on respectively The antibiotic is effective against seed-borne 
fungus spores in vitro appeared to be enhanced by higher Fusarium solani {. cucurbitae and Ascochyta pisi, giving 
pH values, whereas the reverse was observed in the mycelial good control in squash and pea seeds when applied as a 
stage. ZI/n vivo tests required higher concentrations 24-hour soak in 50 and 100 ppm, respectively. The antibiotic 


is inactivated by ultraviolet light and oxidation, but not by 
iutoclaving 30 minutes at 15 pounds. 


of the antibiotic to contre the disease 
| romvyvces phaseoli ind sporar i f Pseudoper nospora 
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Cachexia disease of citrus in California, CALAvaAN, E, C., 
wwo L. G. Weatuers. Cachexia disease, characterized by 
vein chlorosis, stunting, gum deposition in the phloem and 
in rings of the xylem, and pitting in the wood and the cam- 
bial face of the bark, was observed early in 1954 in Willow- 
Leaf mandarin (Citrus reticulata Blanco) trees at Indio. 
Clementine mandarin (Algerian tangerine) and Wekiwa 
tangelo (C. paradisi Macf.  C. reticulata) trees in the 
Coachella and Imperial valleys were found later with 
symptoms typical of cachexia, Many of the infe ted s ions 
originated from diseased parents, but 2 severely diseased 
Wekiwa tangelo trees propagated from a healthy parent 
had apparently acquired the disease from their sour orange 
rootstocks that originated from severed portions of the 
rootstock of an old-line Marsh grapefruit (C. paradisi) 
tree. Although the virus has been widely distributed in 
hudwood, it is estimated that symptoms have appeared on 
less than 1% of susceptible trees in commercial orchards. 
Experiments on transmissibility and host range were begun 
in June, 1954. Symptoms typical of cachexia appeared on 
Sunshine tangelo seedlings within 3 years after graft-in- 
oculation, but other indicator varieties have remained 


symptomless. 


Prevention of oxidative destruction of the antifungal 


antibiotic, pimaricin, by chlorophyll, ascorbic acid, and 
other compounds, Dekker, J.. AND Peter A. ARK. 
Pimaricin is highly effective against some  seed-borne 
diseases of plants, but ineffective on foliage. Besides being 
inactivated by ultraviolet light, as shown previously, the 
antibiotic is destroyed in darkness by oxidation. Pimaricin 
dissolved in water is inactivated within 3 hours in a slowly 
drying filter paper bioassay disk. However, no inactivation 
occurs in a rapidly dried disk or in a methanol solution. 
No oxidation takes place in a stream of nitrogen gas, Ap- 
parently the oxidation of pimaricin is possible only when 
sufficient oxygen and water are available simultaneously. 
Pimaricin taken up by the roots can be extracted from the 
leaves with methanol even after 2 weeks. This suggests 
the possible protective action of chlorophyll in this phe 
nomenon. Experiments demonstrated the ability of chloro- 
phyll to give almost complete prevention of pimaricin 
oxidation. Considerable protection was also given by as- 
corbic acid, hydroquinone, gallie acid, and the quinonimine 
dyes. { measurable degree of protection of primaricin 
from oxidation, and a resulting increase in disease protec- 
tion, were obtained on plant surfaces by adding chlorophyll 
to the sprays. 


Vet necrosis of Russet Burbank tubers from seed-borne 
potato-leaj-roll-infected plants. GuTurir, James W.  Leaf- 
roll-virus-infected potato plants used in this study were 


from the major seed-growing counties of Idaho. Tubers 
taken from the plants showed definite seed-borne symptoms 
of this disease. The plants were dug by hand, and only 


those tubers still attached to a leaf-roll-infected plant were 
removed. Two months later the stem ends of the harvested 
tubers were sliced off to a depth of about ™%4 in., and the 
presence or absence of net necrosis recorded. Of 392 
tubers, 214 (54%) showed no net necrosis, whereas 178 
(46% ) showed definite net necrosis. The presence of net 
necrosis in Russet Burbank tubers from seed-borne infected 
plants has not been reported previously. Tubers collected 
from seed-borne leaf-roll-virus-infected plants yielded leaf- 
roll-virus-infected plants, regardless of the presence 1 
absence of net necrosis. Tubers collected from virus-free 
plants or those infected with crinkle mosaic, rugose mosaic, 
calico, or leaf rolling mosaic have not been found to have 
the net necrosis symptoms. When planted. all such tubers 
have given rise to plants infected with the disease originally 
shown by the parent plant. Isolations made from the tissue 
of the tubers with net necrosis have not yielded a culturable 
organism 
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Potato leaf roll virus strains identified in Idaho. Gururie, 
James W. Tubers from leaf-roll-virus-infected Russet Bur- 
bank potato plants were obtained from 16 counties represent- 
ing the major potato growing areas of Idaho. During the 
winters of 1957 and 1958 the representative tubers were 
grown in greenhouse pots under insect-proof cages. Virus- 
free green peach aphids, Myzus persicae Sulz., colonized on 
the resulting plants for at least 1 week, were transferred 
to young Physalis floridana Rybd. plants at the rate of 5 
aphids to each plant. Small cages made of cellulose acetate 
were placed over the individual index plants. After 3 days 
the aphids were destroyed by an insecticidal spray. After 
18 days the plants’ reaction was rated. Potato leaf roll 
isolates that corresponded to Webb’s strains 1, 2, 3, and 4 
were found in the following percentages: 5, 15, 50, and 30, 
respectively, 


Resistance of hop seedlings to downy mildew. Hornen, 
C. E. During a 3-year period, about 70,000 hop seedlings 
of diverse genetic origin were tested for resistance to 
downy mildew caused by Pseudoperonospora humuli. Initial 
screening was conducted in the greenhouse, followed by 
field testing of selected seedlings. Iwo types of resistance 
were observed: resistance to loc alized disease development 
on leaves, and resistance to systemic disease development. 
Seedlings were assayed on a disease severity scale of none, 
light, moderate, and severe, to determine resistance to 
localized disease development. Numbers of progeny in 
disease severity classes revealed differences among crosses 
in ability to transmit resistance to their progeny. Crosses 
also differed in ability to transmit resistance to systemic 
disease development to their progeny. The per cent of 
seedlings from 60 crosses that became systemically infected 
ranged from 0 to 24. The same 60 crosses were compared 
to determine if a correlation existed between the amount of 
Fuggie (mildew resistant) parentage and resistance to sys- 
temic disease development in their progeny. Progeny that 
were 5/16, 3/16, and 1/16 Fuggie had 3, 6, and 10% 
systemic infection, respectively. Seven per cent of 363 
selected seedlings became infected in the field, while infee- 
tion of susceptible varieties in the same area was 50-80%, 


Vew uses of chloropicrin as a soil fungicide. Lempricur, 
Harotp W. Chloropicrin injected 6-8 in, deep by tractor 
equipment at 35 gal./A. with chisels spaced 12 in. apart 
into a variety of soils throughout California, has given an 
excellent control of Verticillium wilt of strawberry. Good 
control has also been achieved against red stele, and against 
root rot where lesion nematodes and fungi such as Rhizoc- 
tonia solani and Pythium ultimum have been involved. 
Control of root-infecting pathogens has generally been 
reflected in greatly increased yields and vigorous plant 
growth through the third and fourth year of the planting. 
Soil pox of sweet potatoes has been controlled by dosages 
in the range of 10-15 gal./A., resulting sometimes in better 
than 1000% increase in production. Reduced dosages have 
also shown promise on white potatoes against scab at 5-10 
gal./A., and Verticillium spp. at 7-15 gal./A. Tractor 
application equipment has permitted expanded use of 
chloropicrin on a field scale. The use of a plastic cover can 
reduce dosage one-third below those required with a water 
seal. Economic usage of chloropicrin on a field scale is 
very promising, 


The isolation of nematode trapping fungi from Oregon 
soils. Totmsorr, W. J. Arthrobotrys superba and Dactylaria 
sp. were recovered from soil in several widely separated 
areas in Oregon. The fungi were isolated readily on milk- 
agar containing 2 g powdered milk and 20 g agar per liter 
of water. When 1 g or less of soil was scattered over the 
surface of the medium, Arthrobotrys appeared within 10 
days. A. superba was recovered readily on milk-agar in 3 
consecutive years from field soil, but was detected on only | 
of several thousand PDA dilution plates of this same soil, 
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although the fungus grows on PDA, It competes vigorously 
in plates of milk-agar containing fungi, bacteria, strep 
tomycetes, algae, and fauna Detection of Arthrobotrys 
on milk-agar depends on the presence of nematodes in the 
plates and on the temperatut f incubation. Optimum 
temperature for growth and nematode trappping of 2 
isolates of A. superba on PDA was 25° growth and 
nematode trapping were greatly retarded at lo°C and 
30° ¢ Slight growth occurre at «1O°E but traps were 
not formed after 14 day No growth occurred at 5° 

rap formation on PDA was dependent on the presence of 
nematodes while vegetative gr tl is being made Spore 
production on PDA = and ilk-agar was related to the 


quantity of nematodes trappe 


The influence ot ro re ( es and fertilizer or the 
development and severity of Verticilium wi t of potatoes. 


lotmsorr, W. J and Roy A. Youn In greenhouse 


trials, barley, oat, clover ilfalfa, and soy bean residues 
were incorporated into soil to test for suppression of Ver 
ticillium wilt Barley and oat residues were consistently 
effective. Finely ground residues were incorporated, at 
rates of 3, 6, and 9 tons/acre, in naturally infested field 
soil containing about 1 million microsclerotia/c« Nitrogen 
was added at different rates, the mixtures were incubated in 
no. 10 cans for 6 weeks at 65 O°} ifter which 1 Russet 
Burbank seed-piece was planted per can. Observations were 
made on time and severity of wilting, time of dying and 
tuber yield, Disease suppression was progressively greater 
with increasing rates of oats and barley At a rate of 9 


narkedly influenced by 
quantity of nitrogen supplied; 22 pounds N/ton of residues 


tons/acre, wilt suppression 


resulted in reduced severity of wilt, but plants were N 
deficient; 44-110 Ib. of N/ton of residue resulted in strik 


ing wilt suppression, increased plant vigor, and tuber yields 


more than twice those from control or clover treatments 
Plants in oat or barley residues survived 25 30 days longer 
than in control or clover treatments 


The relation of ten rat the pathogenicity of 


Cytospora rubescens Presuow, Micuagt. B. L. RicHaArps 


AND 3. EF. SCHOLES «. vtospore escens Fr.. shown bv the 
authors to be the organisn ost frequently associated with 
cankers of stone fruit trees i tah. was found to play an 
important role in hastening tree decline in Utah orchards. 
Experiments confirmed held bservations that the fungus 
may become actively parasiti irious stone truit trees. 
Twenty-one of 24 isolates, taken from apple, apricot, cherry, 
peach, plum, and prune irietis proved pathogenic and 
grew actively when inoculated in tissue of healthy, vigorous 
trees. Under controlled ino lation conditions both the 
percentage of infection and ft rate of mycelium growth, 
as measured by canker enlargement, were directly related to 
temperature The temperature ring infection and tissue 
invasion approached the pt n temperature found tor 
growth of isolates in culture Optimum temperatures of 4 
isolates ranged from 21° to 27°¢ n culture (,rowth in host 
tissue was significantly correlated with increasing average 
weekly temperature up to og Accelerated and continued 
growth of cankers at high temperatures supported field 
observations that the fungus, C. rubescens, develops actively 
in susceptible hosts throug! t nmer growing season 

Rusty mottle virus mple l tal Waptey, Bryce N 
Three rusty mottle virus disease necrotic (NRM), Utah 
Dixie, and mild rusty mottl MRM)-—-are found in Utah 
At least 3 strains of NRM are recognized ther Natural 
spread of this disease is to adjacent trees, Black Tartarian 
Orb. and Deacon varieties of et cherries show very mild 
symptoms or are symptor le Some nazzard cherries 
develop symptoms, but othe ire symptomless Of the 
rusty mottle viruses, only MRM interferes with symptoms 
of NRM. MRM inoculated above NRM on the same 


tirely pr t symptoms of NRM. In 


branch almost en 


oculated below NRM, MRM had no effect. Studies in [ tah 
indicate that asteroid spot virus causes Utah Dixie rusty 
mottle. Lambert, Bing, Deacon, and Van varieties of sweet 
cherry are more severely damaged by this virus than Black 
lartarian, Napoleon (Royal Ann), or Windsor. Some 
mazzard trees show symptoms, others do not. Apricot, 
Blue Damson plum, French prune, Manchu cherry (Prunus 
tomentosa), and desert almond (P. fasiculata) are hosts of 
asteroid spot virus, frequently without symptoms, or with 
very obscure ones, Apricot and French prune have beep 
found naturally infected. Our source of MRM virus also 
carried apricot ring pox and cherry twisted leaf viruses, 
MRM is not economically important in Utah 


Sequence and tenure of Western \-disease virus in cher. 
ries on Mahaleb rootstock. Wavtey, Bryce N. In Utah. 
sweet and sour cherry trees on Mahaleb rootstock infec ted 
with Western X-disease virus develop wilt) and decline 


symptoms, and usually die within 1-3 years. Trees top. 
worked on Mahaleb are somewhat resistant to the virus, in 
that trees are not killed. Although infected branches 


develop wilt and decline symptoms, the virus does not 
move through the Mahaleb and infect other cherry branches, 
Symptoms of wilt and decline are less severe in infected 
branches of trees top-worked onto Mahaleb framework 
than in infected trees propagated in the conventional 
manner [The second year after inoculation, infected 
branches on top-worked trees that retain the virus develop 
Western X little cherry leaf and fruit symptoms as well 
as wilt and decline symptoms. These branches make very 
little growth and die in 3—5 years. Frequently, branches 
that have been infected with virus lose the virus and resume 
normal growth. From these branches, virus cannot be 
transmitted. The recovered branches, however, have no 
resistance to the virus, and can be reinfected. Mont- 
morency sour cherries are more tolerant to Western X. 
disease virus than Lambert, Bing, Napoleon (Royal Ann), 
or Van sweet cherries tested. 


Infective ribonucleic acid from cucumber-mosaic-infected 
tobacco. Wertkit, Grorce W. Ribonucleic acid (RNA) 
was isolated from inoculated tobacco leaves 9 12. days 
after inoculation with cucumber mosaic virus 1, [selation 
of RNA was accomplished by homogenization of tissue in 
t volumes of equal parts of water-saturated phenol and 1% 
sodium hexametaphosphate, followed by 2 additional extrac- 
tions in water-saturated phenol, 3° extractions in ether, 
precipitation with ethanol, and = solubilization in 1% 
sodium hexametaphosphate. Infectivity of the isolated RNA 
was tested on black cowpea at a dilution 1/20 that of 
infective plant sap. Lesions averaged 15 per leaf. Yields 
ot purified RNA were about 80 gamma per g ol tissue, 
based on Bial’s color reaction test. Contamination of RNA 
with protein varied from 0 to 0.02 gamma_ protein. per 
gamma RNA, using the Folin color test for protein. RNA 
extracts containing equal amounts of ethanol soluble protein 
yielded no greater infectivity than pure RNA 


{ stem canker disease of fruit tree nurservstock caused 
by Phytophthora syringae. Younce, Roy A. ano J. A. 
MitsratH, <A destructive stem canker disease occurs to 
some extent each year on small peach and apricot trees, 
and less frequently on other species. The disease affects 
young trees in nursery and orchard plantings, but is most 
destructive on nursery stock that has been bundled and 
heeled-in in an open yard with no protection from falling 
rain. In such bundles, infection usually occurs where bark 
has been broken in handling, particularly by string used 
in tving bundles. During cool rainy periods the pathogen 
may spread rapidly through a bundle of nursery stock. 
Cankers are slightly sunken and appear darker than normal 
bark. Cortical tissues become brown and necrotic. Stems 
may be entirely girdled resulting in death of the upper 
stem. Phytophthora syringae has been isolated from stem 
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cankers on apricot, cherry, crabapple and peach. The 
disease has been produced on apple, apricot, cherry, craba- 


ple, and peach by wound inoculation with P. syringae. P. 
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cactorum and P. parasitica produced similar cankers on 
the same hosts following wound inoculation, but have not 
been found associated with naturally infected plants. 
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Growth of Erysiphe cichoracearum on_ Isolated 
Lower Epidermis and Spongy Mesophyll of Lettuce. 
W. C. ScHNATHORST. Powdery mildews have been 
successfully cultured on mesophyll of cereals':*)* on 
crown-gall tumor tissue,* and on grape callus tissue, 
but not heretofore on isolated epidermis. This paper 
describes the successful culture of Erysiphe cichora- 
cearum DC. ex Mérat on epidermal strips and meso- 
phyll of lettuce (Lactuca sativa L.). 

Lettuce (var. Great Lakes) injured by frost was 
an excellent source of epidermal strips, for frost 
caused the epidermis to separate from the mesophyll 
without extensive killing of the cells. Frost-injured 
lettuce was obtained on the local market or from the 
field, and epidermal strips up to several cm long were 
taken from the lower surface of frost-injured leaves 
with forceps. These strips, folded double, were floated 
on distilled water or a 3° glucose solution in Petri 
dishes and illuminated with fluorescent light (West- 
inghouse, 300 ft-e at the surface of the tissue), and 
dusted with conidia with a camel’s-hair brush. The 
cells in epidermal strips not folded died in a_ few 
days. but mildew developed normally on the upper 
laver of folded strips (Fig. 1A). The lower layer of 
the folded tissue apparently prevented excessive hy- 
dration of cells in the upper layer, allowing them to 
live long enough to support growth and sporulation of 
the fungus. 

Portions of frost-injured leaves with the spongy 
mesophyll tissue exposed were treated the same as 
the epidermal strips, but on distilled water only. 
Mildew development was abnormal: the hyphae be- 
came swollen and abnormally branched, and elonga- 
tion was retarded. Observations of the surface of the 
spongy mesophyll revealed that a film of free mois- 
ture covered most of the tissue. Consequently, pieces 
with exposed spongy mesophyll were leaned against 
the sides of small beakers (not floated) in a small 
volume of distilled water, and larger beakers were 


Graf-Marin, A. 1934. Studies on powdery mildew of 
cereals. Cornell Agr. Expt. Sta. Mem. 157. 48 p. 

Mackie, J. R. 1928. Localization of resistance to pow 
dery mildew in the barley plant. Phytopathology 18: 901 
910 

Salmon, E. S. 1905. On endophytic adaptation shown 
by Erysiphe graminis DC. under cultural conditions. Ann 


Botany (London) 19: 444-446. 


*Heim, Jean M., and G. A. Gries. 1953. The culture of 


Erysiphe cichoracearum on sunflower tumor tissue. Phyto 
pathology 13: 343-344. 


Morel, G. 1948. Recherches sur la culture associée de 


parasites obligatoires, et des tissus végétaux. Ann. épiphyt 


14: 1-112. 


inverted over the small beakers. Under these condi- 
tions the surface of the inoculated tissue remained 
relatively dry and the fungus developed profusely 


(Fig. 1B). 


. & 
> 
e:- wal 
Fic. 1. Growth and sporulation of E. cichoracearum on 
4) isolated lower epidermis and B) spongy mesophyll. 
The dark granular and spherical bodies in many of the 
cells are haustoria of the fungus. 
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It is apparent that both isolated lower epidermis 


and spongy mesophyll of L. sativa are physiologically 
suitable for growth of this strain of EF. cichoracearum. 
It is also apparent that powdery mildew can develop 
normally on epidermis separated from mesophyll. 
When only distilled water is 


plasts in the epidermal cells of lettuce leaves appar- 


ivailable. the chloro- 
ently provide the carbohvdr ite necessary for crowth 
of the fungus It is doubtful that epidermal cells 
could have enough carbohydrate stored to maintain 


weeks and also support the 
Department of Plant 


cellular activities for 
growth of powdery mildew 


Pathology, University of California, Davis 


Claste rosportum Shot-Hole of the Catalina, ofr 


Island. Cherry. Ropert D. RaAast The Catalina 
cherry is a native California plant commonly planted 
as an ornamental shrub or tree Bailev? classified 
the plant as Prunus Lyonii Sarge. Jepson’ did not 
recognize this species. but instead classified it as P 
ilicifolia var. occidentalis Bas ind gave it the com 
mon name of Island chert The plant is grown not 
only for its dense. shiny. evergreen foliage, but also 


because it generally requires little care and is rela- 


se and insect attacks 


tively free from dise: 
In the spring of 1956, several plantings of Catalina 
cherry in northern California were found to be 


affected with a shot-hole disease Isolations revealed 


the presence of a fungus tentatively identified as 
Clasterosporium carpophilur Ley Ader. Coryvneum 
heijerinckti: Oud the causal agent of shot-hole dis 
ease of stone truits 

The symptoms on Catalina cherry resemble those on 
peach and almond, first appearing on the leaves as 
small red or purple spots that enlarge and gradually 
turn brown or tan at the center. The margins mean 
while become separated from the surrounding tissue 
by what appears to be a zone of cork cells. The 
infected area frequently drops out. but occasionally 
may remain attached (Fig. IA On the twigs. the 
fungus attacks the current year’s crowth, where it 
produces sunken concentric lesions (Fig. 1B) 

The isolate of the fungus trom ¢ atalina cherry was 
found to differ somewhat trom several isolates from 
peach: on potato-dextrose igar it grows more rapidly, 
Is lighter colored, and spol ilates more abundantly: 


on natural media.* the conidia average about 10 4 


longer and ll, wm narrowet! although the dimensions 


of both fall within the 1 ve listed for Coryneum 
beijerinckii by Smit! 
Assistant Professor of P Pathology, Department of 
Plant Pathology. University of ¢ fornia. Berkeles 
Bailey. I H 1949. Manua ! tivated plants, p 47 
Macmillan, New York. 1116 1 
Jepson, W. I 1936. A f €f California. Vol. T] 
p. 227-228. Assoc. Students St University of California 
Berkeley. California. 684 | 
‘Snyder, W C.. and H. N. H eT 1947 Advantages 
of natural media and environments in the culture of fungi 
Phytopathology 37: 420-42] 
Smith, R. Ff 1O% Califort neach blight. Calif 


Agr. Expt. Sta. Bull. No. 191 


Vol, 49 


To test the pathogenic ity of the isolate from Cata. 
lina cherry, conidia from it were used to inoculate 2 
seedlings each of Catalina cherry and peach. At the 
same time, 2 seedlings of each were inoculated with 
conidia from an isolate from peach. Check plants 
were sprayed with water, and all plants were placed 
in moist chambers in a lath house. When the plants 
were removed, 5 days later. typical spots were begin. 
ning to show on the young foliage of inoculated 


plants. These plants started to show typical shot-hole 


symptoms within 2 weeks, whereas the controls 
showed none, 

Since it has been shown that the shot-hole effect 
on Prunus species may result from injuries of many 
kinds" as well as from the attacks of many fungi,’ 
recovery isolations were made from leaves of inocu- 
lated plants. Because Parker* and Samuel’ showed 
that conidia of this fungus can remain viable on 
leaves, in a dry condition, for long periods. the leaves 
were surface-sterilized for 5 minutes in 10°, sodium 
hypochlorite to kill ungerminated conidia remaining 
on the leaves after inoculation. The fungi used in the 
inoculations were recovered from lesions of all plants 
showing symptoms. The results, with a comparison 
of the 2 isolates of the fungus in culture, have been 
given in a preliminary report.’ 

Partial cross-inoculations with the fungus have been 
Aderhold!! and Smith and Smith.!? They 


concluded, however, that the fungus is cross-inoculable 


made by 


among the members of the genus Prunus with which 
they were working. Since the peach and Catalina 
cherry isolates were found to cross-inoculate. isolates 
collected from peach, apricot, almond. and Catalina 
cherry were used in cross-inoculations on each of 
these hosts. The plants were Inoculated out-of-doors 
and covered with plastic bags. When the bags were 
removed, 3 days later, symptoms were appearing on 
the new growth of all plants but the checks. 

Though symptom expression varied some from host 
to host (Fig. 1€), 


isolates were similar on the same host. 


symptoms produced by different 
Catalina 
cherry, however, appeared less susceptible than the 


other hosts. according to the number of lesions re- 


Duggar, B. M. 1899. Peach leaf curl and notes on the 
shot-hole effect of peaches and plums. Cornell Univ. Agr. 
Expt. Sta. Bull. 164. 

Duggar, B. M. 1898. The shot-hole effect on the foliage 
of the genus Prunus. Proc. 19th Ann. Meeting Soc. Pro 
motion Agr. Sci. 7 p. 

Parker, C. S. 1925. Coryneum blight of stone fruits. 
The Howard Review 2: 3-40. 

Samuel, G. 1927. On the shot-hole disease caused by 
Clasterosporium carpophilum and on the “shot-hole” effect. 
Ann. Bot. 41: 375-404. 

Raabe. R. D. 1957. Shot-hole of Catalina cherry. 
(Abstr.) Phytopathology 47: 532 

Aderhold, R. 1902. Uebe arpophi- 
um (Lév.) Aderh.. und die Beziehungen desselben zum 
Gummiflusse des Steinobstes. Arb. a. d. Biol Abt. f. 
Land- u. Forstwirtsch a Kais. Gesundheitsamte 2: 515-559. 

Smith, C. O., and D. J. Smith. 1942. Host range and 
growth-temperature relations of Coryneum — beijerinckii 


Phytopathology 32: 221-225 
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Fic. 1. Symptoms of Clasterosporium shot-hole disease. 
{) Natural infection of Catalina cherry leaves. Upper left 
is uninfected. B) Twig lesions on Catalina cherry. C) 
Starting from left: Catalina cherry, apricot, almond, and 
peach leaves inoculated with an isolate from Catalina 


cherry 


sulting. Eight days after inoculation. typical  shot- 
holes began to appear. The fungus was recovered 
from inoculated leaves, surface-sterilized for 5 minutes 
in 10°, sodium hypochlorite and cultured on natural 
media. As the fungus sporulated, the conidia from 
the 4 different isolates were similar on infected leaves. 
but on natural media had detectable morphological 
differences. The 4 isolates could also be differentiated 
by growth rate. color, and amount of sporulation on 
potato-dextrose agar. This is in contrast with the 
findings of Smith and Smith.?? who stated that their 
isolations from 3 different hosts were indistinguishable 
in culture 

Although Smith and Smith*? listed P. Lyonii as 
susceptible in their inoculation tests, natural infection 
on this host has been recorded only recently. Where 
the disease was first found. it was limited in extent. 
though severe in effect. Later surveys revealed the 
disease on this host in several other locations in the 


State. including 2 nurseries. 
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The evergreen members of the genus Prunus in- 
clude P. caroliniana Ait., P. ilicifolia Walp., P. Lauro- 
cerasus L., P. lusitanica L., and P. Lyonii Sarg. The 
disease is apparently common on P. Laurocerasus in 
Europe, and in 1902 Aderhold'' gave Weiss credit 
for the first report on this host. Smith and Smith* 
showed P. Lyonii, P.caroliniana, and P. ilicifolia to be 
susceptible when inoculated with the fungus. 

The disease is of interest on the evergreen members 
of the genus since infected plants remain unsightly 
longer than the deciduous members. Also, the fungus 
may overwinter on the leaves as well as the branches, 
thus providing more potential inoculum, while at the 
same time the host has more possible infection courts. 
These facts may be of importance where the plants 
are grown near commercial stone fruit orchards. In 
orchards, the disease is regularly controlled by spray- 
ing.** but ornamental plantings rarely receive such 
treatment. In this way. these trees, if infected and 
left unsprayed, could be a source of inoculum for 
nearby orchards.—Department of Plant Pathology, 
University of California, Berkeley 4. 


Vigna and Crotalaria Viruses in Florida. V. Com- 
parative Transmission Tests with Aphids and Beetles. 
C. W. Anpberson. Blackeye cowpea mosaic virus and 
a strain of cucumber mosaic virus were described in 
1955.2 and at that time the literature concerning sap- 
transmissible viruses of the genera Vigna and Crota- 
laria was reviewed. The writer followed Dale’s® con- 
clusion that both a beetle-borne and an aphid-borne 
“cowpea mosaic virus” existed separately. Dale*® 4 
failed to transmit his virus by means of aphids. 
Various workers transmitted the aphid-borne virus 
with several aphid species, but no one has attempted 
to transmit the aphid-borne virus with beetles of the 
2 Ceratoma species with which Dale*® and Smith® 
transmitted the beetle-borne virus. Both “cowpea 
mosak viruses” were reportedly seed-borne: and sub- 


sequent study® proved that the cowpea strain of 


Wilson. E. E. 1953. Coryneum blight of stone fruits, 
p 705-710. 1 Me Dept Aor. Yearbook: Plant Diseases. 
940 Pp. 


Florida Agricultural Experiment Station Journal Series, 
No. 761. 

Anderson, C. W. 1955. Vigna and Crotalaria viruses 
in Florida. |. Preliminary report on a strain of cucumber 
mosaic virus obtained from cowpea plants. Il. Notations 
concerning cowpea mosalt virus (Marmor vignae). Ill. 
Notations concerning identification difficulties, indicator 
plants, possible vector relationships, and virus maintenance. 
Plant Disease Re ptr sy 446 348 : 349 353: 454 357. 

Dale. W. T. 1949. Observations on a virus disease of 
cowpea in Trinidad. Ann. Appl. Biol. 36: 327-333 

‘Dale. W. T. 1953. The transmission of plant viruses 


by biting insects, with particular reference to cowpea 
mosaic. Ann. Appl. Biol. 40: 384-392. 

Smith. C. E. 1924. Transmission of cowpea mosaic by 
the bean leaf beetle. Science 60: 268. 

Anderson, ( \ 1957. Seed transmission of three 


Abstr.) Phytopathology 47: 515 


Viruses in cowpea 
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Corbett? 
virus was related 


cucumber mosaic virus is also seed-borne. 
found that blackeye cowpea mosai 
serologically te bean yellow mosaic virus. 

Early reports indicated that aphids and cucumber 
beetles 


that both cucumber 


transmit cucumber mosaic virus. The fact 


mosaic VITUS and “cowpea mosak 
transmissible by 
that led 


related. 


virus” were reportedly aphids and 


was among the evidence 
that these 
failed to transmit cucumber mosai 
beetles This deals 


results in insect transmission tests with blackeyve cow- 


by beetles 


workers to com lude viruses were 


Freitag” recently 


virus with cucumber report with 
pea mosaic virus, with the cowpea strain of cucumber 
with virus 2B 
Corbett 


mosal 


mosaic virus, and (a lupine virus ob- 


tained by M. K. 


vellow 


and considered a strain of 


bean virus). 


Green peach aphids, Myzus persicae (Sulzer), were 
starved. given short acquisition feeding periods. and 


\phids 


} per healthy plant) transmitted 


placed on healthy cowpea or pepper plants. 
(used in groups of | 
cucumber mosaic virus to 10 of 66 pepper plants, and 


blac keve 


virus to 10 of 17 blackeye cowpea plants. 


single aphids transmitted cowpea mosak 


The viruses 
of cucumber mosaic (seed-borne cowpea strain) and 


blackeve 


persistent aphid-borne group 


typical of the non- 
Although no 


were made to transmit virus 2B by means of aphids, 


cowpea MmMosale appeal 


attempts 
other workers have proved that bean yellow mosai 
virus belongs to the same group. 

Bean leaf beetles. Ceratoma trifurcata 
supplied by as. M. Blac ‘a 


diseased cowpea plants for 1-3 


Forst.. 


The beetles were placed on 


were 
days. transferred to 


healthy cowpea seedlings for 24 36 hours, then trans- 


ferred back to the diseased plants, etc. Some beetles 
spent a total of 13 days on the source plants before 
the last test. 
mosaic virus, 
2B to 66. 57. 


these tests the remaining 


The beetles failed to transmit cucumber 
blackeve 


and 9 cowpea plants 


virus 
After 


starved 22-28 


cowpea mosaic Virus, OF 
respectively 
beetles were 
placed on diseased plants for 12-58 minutes. 
healthy plants for 30-134 
minutes. The beetles did not infect 13 cowpea plants 


blackeye 


failed to transmit virus 2B to 


hours. 


and then transferred = to 


with cowpea mosaic virus; and they also 


soybean plants Since 


the symptoms of the cucumber mosaic and 2B viruses 


Corbett, M. K 1957. Serological and 
relationships of plant Florida 
Stas. Ann. Rept. 1956. P. 117-118 

“Freitag, J. H. 1956. Beetl 
and properties of squash mosai 
73-81. 


morphological 


Univ Agr Expt. 


viruses 


transmission, host range 


virus. Phytopathology 46 


some 


| Vol. 49 


on cowpea plants are mild, attempts were made to 
recover these viruses from each inoculated seedling 


to plants of tabasco pepper and soybean, respectively, 
Neither virus was recovered from the beetle-inoculated 
seedlings. The beetles fed on every test plant, and 
probably nearly every beetle also fed on virus inocu. 
lum. Thus, individuals of C. trifurcata did not trans. 
mit any of the 3 viruses tested. 

Dale* once obtained 93°) transmission of “cowpea 
mosaic virus” with single individuals of C. ruficornis 
(Oliv.); Smith,° using C. trifurcata, reported nearly 
1006, Failure to obtain trans- 


mission in the present study therefore provides addi- 


transmission. beetle 


tional evidence that the “cowpea mosaic” and cucum- 
ber mosaic viruses studied by the writer differ from 
Dale and Smith. 
Florida Agricultural 


studied by -Department of 


Pathology, 


those 
Plant 
Station, Gainesville. 


Experiment 


Uromyces trifolii on Peas." R. W. Gotu ann W. A, 
Haciunp. In 1957 and 1958 urediospores of Uro.- 
trifolii (Hedw. f.) 
Arth. capable of infecting peas (Pisum sativum L.) 


myces Lev. var fallens (Desm.) 
and red clover (Trifolium pratense L.) were collected 
from red clover plants growing in the field at St. 
Paul. 

Pea and clover plants were inoculated by dusting 
urediospores on the leaves and placing the plants in 
for 24 hours at 70-75°F. Pustules 
14 days after inoculation when the 
Red clover varieties 


a moist chamber 


were observed 
plants were grown at 70-75°F. 
Wegener and Dollard were equally susceptible to this 
rust: however, of the varieties of peas tested, Per- 
fected Wales, Wasatch, and Cascade were more sus- 
Alaska and Allsweet. 
susceptible pea varieties became chlorotic when fewer 


ceptible than Entire leaves of 
than 10 pustules developed, but the leaves of the less 
susceptible varieties became chlorotic only when more 
than 10 pustules developed. 

To determine whether the collection was a mixture 
of rust species, the fungus was isolated and reinocu- 
lated for 7 
which red 


successive uredial generations on 


infection 


peas, 


after clover was inoculated and 


was established. Conversely, the fungus was isolated 


and reinoculated for 7 successive uredial generations 


on red clover and then used to infect peas. 


Paper No. 3981. Scientific Journal Series, Minnesota 
Agricultural Experiment Station. 

* Research Assistants, Department of Plant Pathology 
and Botany. Institute of Agriculture, University of Minne- 


sota, St. Paul 1, Minnesota. 





